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The aim of this paper is mainly to contribute to the knowledge of
the ascidian fauna of the California coast south of Point Conception.
In it are included descriptions of all the new species of which speci-
mens are contained in available collections; also a list, with supple-
mentary notes, of all the speecies of the vegion previously described
from the same area. This limitation in the scope of the study has
led us to exclude from it a considerable number of species which in
all probability ought to be included, but are not, because they are
known to us ouly from the localities north of the Point. More exhaus-
tive collecting, particularly on the Santa Barbara Islands and the
opposite mainland, will undonbtedly bring to light many species which
we now know only from northern localities, where much more collect-
ing has been done than anywhere sonth of the Point excepting the
San Pedro and San Diego regions.

The considerable number of species here recorded as occurring at
La Jolla and San Diego only may be taken as indicative of what is to
be expected when other portions of the coast have been as well searched
for ascidians as this. Nor should it be supposed that even the La
Jolla-San Diego region has been exhausted.

The two lists here given of speeies, with the families to which they
belong, include all the ascidians of the sonthern California littoral zone
known to science, and also those not yet known from the littoral, but
occurring off shore in depths of water so shallow that they may be
expected to be found on shore.
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LIST OF SPECIES

Family Molgulidae

1. Molgula verrucifera, n.sp.
Family Halocynthiidae

2. Halocynthia johnsoni Ritt.
Family Styelidae

3. Styela montercyensis (Dall)

4. Styela gibbsii (Stimp.)

5. Styela barnharti, n.sp.
Family Ascidiidae

6. Ascidia californica, n. sp.
Family Rhodosomidae

7. Cheylosoma productum Stimp.
Family Cionidae

8. Ciona intestinalis L.
Family Polyzoidae

9. Metandrocarpa dure (Ritt.)

10. Metandrocarpa michaelseni, n.sp.

11. Polyzoa translucida, n. sp.
Family Botryllidae

12. Botryllus tuberatus, n. sp.

13. Botrylloides diegensis, n. sp.
Family Perophoridae

14. Perophora annectens Ritt.
Family Polycitoridae

15. Distaplia occidentalis, n. sp.

16. Eudistoma psammion, n.sp.

17. Eudistoma diaphancs, n.sp.
Family Didemnidae

18. Didemnum caraulentunt, n. sp.

19, Didemnum carnulentum lecteolum, n. var.

20, Trididemnum dellavallei, n.sp.

21. Diplosoma pizoni, n. sp.

22. Diplosomoides caulleryi, n. sp.
Family Synoicidae

23. Glossophorum plenum, n. sp.
24. Macroclinum par-fustis, n. sp.
25. Macroclinum pellucidum, n. sp.
26. dmaroucium californicum, n. sp.
27. Amaroucium solidum, n. sp.
28. Amaroucium aequali-siphonis, n.sp.
29, Euherdmania claviformis Ritt.

&

To be added to these without mueh doubt, because known from

depths of 50 fathoms and less are:
1. Halocynthia okar Ritt.
(Known in depth of 10-80 fath. Ritter, 1907.)
2. Microcosmus transversus Ritt.
(Known in 33 fath. Ritter, 1907.)
3. Boltenta cchinata Ritt.
(Known in 21 fath. Ritter, 1907.)
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4. Styela hemicacspitosa Ritt.
(Known 1u 29 fath. Ritter, 1913.)

5. Ascidia (Phallusia) vermiformis Ritt,
(Known in 30 fath. Ritter, 1913.)

6. Psammaplidium spauldingi Ritt.
(Known in 33 fath. Ritter, 1913.)

. Trididemnum (Didemnum) opacum Ritt,
(Known in 33 fath. Ritter, 1913.)

-1

Search for these seven species in the littoral zone will he among
the interesting motives of future ascidian eollecting.

SYNOPTIC DESCRIPTIONS OF GENERA

The following synoptic deseription and arrangement of the genera,
representatives of which are treated in the paper, has been drawn up
primarily for the use of students, other than specialists on ascidians,
who may want to use the local species in more general zoological or
biologieal studies. This being the main purpose, questions of the best
system of classification and nomenelature, with which specialists in the
group are much interested at present, are considered no further than
to make sure that all descriptions, definitions, arrangements, and
names have the sanction of at least some of the most experienced
aseidiologists.

Suborder I. ASCIDIAE SIMPLICES

Individual animals of considerable size, rarely less than 1em. in diameter;
very irregular in form but predominantly massive; sometimes semitransparent,
sometimes leathery in appearance, sometimes coated with sand; sedentary; often

firmiy attached to roeks and other objeets in adult life; never, as here under-
stood, propagating by budding.

Genus 1. Molgula (Caesira, some authors)

Body usunally unattached beeause the animal lives on sandy or muddy Dottoms,
but sometimes attached to rocks, oeeasionally peduncnlated. Branehial orifice
G-lobed, atrial 4-lobed.

Outer coat (test) somewhat cartilaginous, leathery or membraneous, fre-
quently covered with sand, which may be attached to hairlike processes or
embedded in the surface layer.

Branchial tentacles always compound.

Branchial sac with well-developed folds, usually from five to seven on each
side; the branechial slits (stigmata) almost always eurved, or even developed
into spirals and arranged in pockets or ampullae in the Dranchial folds.

Intestine always on the left side.

Sexual organs usually on both sides but not infrequently on one side only;
when so, almost always on the left. Ovary and testis more or less intimately
associated.

Euxcretory organ on the right side only, with the exeception of one genus,
Ruizomolgula, in which it is on the left side.
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Genus 2. Halocynthia (Pyura, some authors)

Body mostly approaching globular, always firmly attached, sometimes short-
pedunculate; surface usually free from foreign substances but often bearing
processes of various kinds; both orifices 4-iobed.

Quter coat (test) usually leathery, rather cartilaginous and semitransparent.

Branchial tentacles always compound.

Branchial sae with folds, usually well developed; prevalent number from four
to seven, but a few species with a smaller number and a few with as many as
fifteen; dorsal lamina always with processes or languets.

Intestine on the left side, forming a wide loop.

Secxual organs on both sides.

Genus 3. Styela (Tethyum, some authors)

Body attached, not infrequently pedunculate, sometimes coated with sand;
both orifices 4-lobed, often inconspicuously so.

Quter coat leathery, usually thin, surface typically unarmed.

Tentacles both branchial and atrial present, both kinds simple, branchial
larger.

Branchial sae with four folds on each side, some‘of which may be much
reduced in size.

Intestine on left side, stomach frequently long with narrow folds in the wall.

Serual organs on hoth stdes, ovary typically in several sansage-shaped masses
with the testes arranged about them in smaller lobes.

Genus 4. Ascidia (Phallusia, some authors)

Body attached, almost always sessile, surface usnally smooth and free from
foreign substauces; branchial orifice S-lobed, atrial 6-lobed.

Outer coat usually transparent or nearly so, soft or cartilaginous.

Branchial tentacles simple, nsnally numerous and slender.

Branchial sae never with prominent folds, but often with many small plica-
tions; papillac on the inner surface at the intersections of the longitudinal and
transverse vessels; dorsal lamina a membrane extending behind the esophageal
opening.

Intestine on the left side.

Sexual glands situated within the intestinal loop.

Renal vesicles present, numerons, confined to the wall of the intestine.

Genus 5. Chelyosoma

Body flattened from above, the upper surface covered with tortoiseshell-
like plates; both orifices 6-lobed.

OQuter coat cartilage-like, translucent, the anterior part differentiated into
horny plates.

Branchial sac, general type that of Adscidia and Ciona, but stigmata strongly
curved or coiled; dorsal languets as in Ciona.

Intestine located ventrally, sometimes to the right, sometimes to the left;
stomaeh wall, in part, chambered.

Scrual organs forming a network on the intestinal loop.

Genus 6. Ciona,
Body ecylindrical, attached; hranchial orifice 8-lobed, atrial 6-lobed, lobes not
prominent.
Outer coat thin, transparent, soft.
Branchial tentacles simple, slender,
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Branchial sac much as in Ascidia, but with a series of languets in place of
dorsal lamina,

Intestine wholly or largely behind the brancial sac.

Serual organs in the intestinal loop.

Suborder IT. ASCIDIAE COMPOSITAE
Individnals, called zooids, produced asexually by hudding; typically many;
small, usually less than 1 em. long; in most genera comnected together by per-
manent stolons and embedded in a common mass of cellulose mantle or test:
but in some genera zooids larger and not fully embedded in the common mass;
the whole group of zooids, produced from a single parent, called a colony.

Genus 7. Metandrocarpa

Colony encrustinug on rocks, seaweeds, and other objects; zooids never ar-
ranged in systems; cellulose mantle tough; color brick-red.

Form of zooid globular, body not divided into sections.

Branchial sae without folds but with internal longitudinal vessels; branchial
and atrial tentacles present, all simple,

Intestine short, situated on the left-ventral side of the branchial sac; stomach
with a series of folds and a large eaecuni,

Sexual glands two series of masses called polycarps, one on each side of the
endostyle, each polycarp with its own short duct opening into the perbranchial
chamber; the anterior polycarps of each series female, the posterior male.

Budding thoraeic.

(ienus S. Polyzoa

Like Metandrocarpa except:

Colony with zooilds united only by strands; no common investing eellulose
mass; colorless, transparent.

Sexual glands all hermaphroditic polyearps.

Genus 9. Botryllus

Colony thin and enerusting: zooids wholly embedded in common cellulose
mass, arranged in regular or somewhat elongated ‘‘systems’’ around a common
atrial opening; cellulose mass eontaining many vessels terminating in ampullae;
color variouns, often very conspicuous.

Form of zooids generally elliptical, body not divided into sections.

Branchial sac without folds but with a few internal longitudinal vessels.

Intestine on left side at posterior end; stomach with folds and a caecum.

Serual glands a single pair of hermaphroditic masses, one on each side of a
branchial sac.

Budding thoracie.

Genus 10, Botryloides
Like Botryllus except:
Colony with zooids arranged in long-elliptical or tortuous systems.

Genus 11. Perophora
Colony eomposed of zooids conected by stolons, partly or wholly embedded in
cellulose mass; zooids never in systems; transparent to vellowish white.
Form of zooids spheroid, body not divided into seetions; branchial orifice
6-lobed, atrial 5-lobed.
Branchial sac without folds, with internal longitudinal vessels or papillae; a
series of langnets along mid-dorsal line.
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Intestine on left side; stomach wall not folded, intestine divided into several
distinet sections.

Sexual organs on left side in the intestinal loop, ovary a single mass, testes
in numerous lobes.

Budding stolonie.

Genus 12. Distaplia (Holozoa, some authors)

Colony usually consisting of short clnb-shaped or capitate masses closely
united at base; zooids typically in systems with distinet common atrial orifices;
cellulose mass soft, usually highly colored.

Form of zooids: body elongated, separated into thorax containing branchial
sac, and abdomen containing intestine and sexual organs; branchial orifice
6-lobed, atrial with a long dorsal tongue, or languet.

Branchial sac with neither folds nor internal vessels, fonr series of stigmata.

Intestine a simple, elongated loop; stomach ovate, wall not folded but with
a network of fine ridges on inner surface.

Serual organs: gonads situated on the right-posterior part of the intestinal
loop, ovary very simple, ripe ova large; testis composed of a few masses;
larvae develop in an incubating pouch.

Budding stolouic.

Genus 13. Budistoma

Colony massive and variously lobed: dull white or dark from covering of
sand; zooids not usually grouped in systems.

Form of zooids: body elongated, divided into thorax and abdomen; a long
ectodermal process usually given off from posterior end of abdomen; arifices
each 6-lobed.

Branchial sac simple with few (three to five) series of stigmata.

Intestine a long, nearly straight, simple loop; stomach smooth-walled, fre-
quently far back in the abdomen.

Serual organs: gonads alongside the intestinal loop, far back; ovary simple;
testis of numerons lobes; no incubating pouch.

Genus 14. Didemnum

Colony always closely encrusting, usually very thin, rarely somewhat mas-
sive; cellulose material containing stellate caleareous spicules; zooids not in
systems: color white or variously tinted.

Form of zooid: divided into thorax and abdomen; branchial orifice 6-lobed,
atrial orifice plane, sitnated on dorsal side of thorax.

Branchial sac with four rows of stigmata.

Intestine a simple loop, its posterior part usually containing the stomach;
stomach smooth-walled.

Sexual organs situated on the left-posterior side of the intestinal loop; ovary
very simple, ripe ova very large; vas deferens wound in a elose spiral around
the testis.

Genus 15. Trididemnum

Scarcely differing from Didemnum except in the number of stigmatic series,

these being here three; colony perhaps typically somewhat more fleshy.

Genus 16. Diplosoma
Colony mostly thin and enernsting, soft and lax because of numerous great
spaces in the transparent cellulose mass; systems where present very irregular.
Form of zooids: divided into thorax and abdomen; not sharply separated
from each other; branchial orifice 6-lobed, atrial a large, simple opening.
Branchial sac with four rows of stigmata.
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Intestine a simple loop; stomach smooth-walled.
Serual organs: gonads on right-posterior side of intestinal loop; ovary simple,
egus very large, few in number; testis not many-lobed, vas deferens not coiled.

Budding intestinal.
tenus 17. Diplosomoides
Similar to Diplosoma but calcarious spicules in the cellulose mass; a languet
over the atrial orifice.
ienus 18. Glossophorum
Colony massive, sub globular or lobed, sometimes pedunculate; zooids mostly
in distinct systems.
Form of zeoid much elongated; body divided into three sections: thorax,
abdomen, and postabdomen; branchial orifice 6-lobed, atrial with a langnet.
Branchial sac well-developed, as many as twenty rows of stigmata; papillae
on the inner surface of the branchial membrane along the interserial vessels.
Intestine a close, twisted loop situated close behind the thorax; stomach
smooth-walled.
Gonads, ovary and testis commingled, making a rather compact mass, sitnated
in the stalked postabdomen,

Budding stolonic.
Genns 19. Macroclinum

Colony massive or divided into club-shaped pieces; sometimes coated with
sand.

Form of zocid elongated, divided inte thorax, abdomen, and postabdomen,
the last not constricted from the abdomen and variable in size and make-up;
branchial orifice 6-lobed, atrial with a well-developed languet.

Branchial sac: many rows of stigmata, twenty in some species,

Intestine: loop not twisted, stomach wall not folded but inner surface un-
even in some species.

Gonads close behind the intestinal loop; ovary simple, snrrounded by the
numerous masses of the testis.

Budding stolonic.

Genus 20. Amaroucium

Colony variable, thin and encrusting, massive or divided into pedunculated
sections.

Form of zooid elongated, divided into thorax, abdomen, and postabdomen,
the latter often long and cylindrical; branchial orifice 6-lobed, atrial with a
languet.

Branchial sac: rows of stigmata, mostly less than twenty.

Intestine: loop simple, stomach wall folded.

Gonads in the postahdomen, usnally somewhat removed from the intestinal
loop; ovary simple, testis many-lobed, scattered along the postabdomen.

Genus 21. Buherdmania

Colony consisting of large, elongated zooids, whelly separated from oue
another except for the Dbasal stolonie attaclunents, making the condition com-
monly known as social; color opaque white, or transparent.

Form of zooids: length as great as 3 em.; divided irto thorax, abdomen, and
postabdomen, the last very short; both orifices 6-lobed.

Branchial sac with twelve rows of stigmata.

Intestine a very long, simple loop, the esophagns making one of its limbs;
stomach with folded wall situated near the loop.

Serual organs: gonads in the short postabdomen; ovary simple; testis in
many separate masses; embryos developed in the long, straight ovidnct.

Budding not known, probably stolonic.
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DESCRIPTION OF SPECIES

Note.—The formula for the number and arrangement of vessels
on the inner surface of the branchial membrane of simple ascidians,
adopted by Ritter in his later papers on ascidian taxonomy, is used
in the deseriptions. Thus:

{ 1-7-2-6-0, ete. R.

1 2-8-1-7-2, ete. L.

means that counting from the endostyle (e’d’s) the vessels of the right
side (R) number 7— -6, ete., on the folds and 1- 2— -0, ete., between
the folds. The other row of numbers is self-explanatory.

e’d’s

Molgula verrucifera, n. sp.
PL 38, fig. 5; pl. 40, figs. 15-20

Superficial characteristics—Regular in outline except for adhering
foreign bodies, nearly spherical but usually somewhat depressed and
covered with heavy coating of sand. Siphons not far apart and rather
conspicuous though entirely covered with sand (pl. 338, fig. 5). Size:
8 by 6 by 5mm.: 8 by 7 by 6 mm.; 8 by 7 by 5mm.; 8 by 6.5 by
6.5mm.: 8§ by 6 by 6mm.; 8 by 6.5 by 9mm.; 10 by 8 by 7.5 mm.
Test thin but firm, sandy ecovering adhering to its numerous fine
processes.  Mantle thin; the longitudinal musele bands radiate from
the siphons and spread out on the sides of the body so as to be sep-
arated by considerable spaces, extending to about the middle of each
side. Finer circular musele bands are confined to the siphonal regions.
Musenlature of the fwo siphons about the same in strength.

Branchial systcm.—When removed from the test, the two siphons
are of about equal length although atrial is usually more slender.
Branchial orifice 6-lobed with tentacle-like processes inserted arvound
its edge. Of these processes six long ones are arranged symetrically
and alternating with them are two smaller processes (pl. 40, fig. 18).
Atrial orifice 4-lobed. also with tentacle-like processes inserted on its
edge (pl. 40, fig. 17). Branchial tentacles 16-20, usually of two sizes
alternating with each other and closely crowded around branchial
orifice. Each tentacle bipinnate, the branches ending bluntly and
often swollen at tips (pl. 40, fie. 19). Hypophysis opening an elon-
gated slit, the ends of which may eurve one way or the other to give
rise to the variations which appear in different individuals, situated
on right side of anterior end of the elongated ganglion (pl. 40, fig. 20).
Branchial sac with seven well-developed folds on each side (b.f. pl. 0.
fie. 15), those next to the dorsal lamina very short. ¥ormula of
internal longitudinal vessels:

eqrs | f-0-6-0-6-0-6-0-6-0-6-0-5-0— R.

) 3-0-5-0-6-0-6-0-6—0-5-0-3-0— L.
The vessels are confined to surface and upper balves of the curved
folds, usually the same number on each side. but those on eonvex sides
always stronger. Five primary transverse vessels oceur. intercepting
fwo infundibula on each fold. Secondary transverse vessels present,
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one between each of the two infundibula thus intercepted. Finally
tertiary vessels are often found on the faces of the infundibula, where
they divide the stigmata of the faces and separate the two short spirals
which, in such ecases, often oceur at the spaces of the infundibula.
Usually the stigmata at the apex of an infundibulum form a single
short spiral (pl. 40, fig. 16). At the posterior end of the sae, the
stigmata become irregular, assuming s-shaped and spival forms.
Dorsal lamina a plain membrane with thickened edge. Endostyle
(end., pl. 40, fig. 15) long and slender.

Digestive system.—Situated on left side of the body, forming a
long closed loop which in turn forms a vegular curve on posterior
dorsal portion of that side (pl. 40, fig. 15). Esaphagus (¢), not quite
as long as stomach, emerges from dorsal posterior portion of branchial
sac. Stomach (s.) thin-walled, smooth, over twice as long as wide,
and of not much greater diameter than infestine. On immer surface
of esophagus and stomach, and extending beyond them is a voluminous
rosette-shaped reddish-brown liver (1., pl. 40, fig. 15). This made
up of two distinet portions. each consisting of numerons radiating
elongated caeca. Anus plain-edged, situated in peribranchial cavity
near the emergence of esophagus and near atrial siphon. Kidney
hean-shaped, and located on right side and ventral portion of the body
just posterior to ovary. to which it is almost equal in size.

Reproductive system —Consists of two hermaphroditie gonads, one
on each side of the body. Ovavies large, irregularly oval, somewhat
flattened bodies, that on left side situated just anterior to intestinal
loop (pl. 40, fig. 15). Short oviduct arises from anterior edge of
ovary and opens into peribranchial ecavity where the larvae develop.
Specimens taken in July and in October had numerous tadpoles.
Testienlar lobes (f., pl. 40, fig. 15) comparatively few, sitnated on
posterior horder of ovary.

Habital and distribution—On the exposed surfaces of rocks
usually, but sometimes on the under surfaces, in the littoral zone, La
Jolla, California. M. verrucifera undoubtedly oceurs at other places
than La Jolla but has not yvet been colleeted elsewhere.

This species belongs to the small group of molgulids in which both
branchial and atrial orifices are armed with well-developed processes.
On this basis it wonld fall into the genus Cetenicella as defined by
Lacaze-Duthiers. We agree, however, with those recent ascidiologists
who consider the group recognized by this author as too small and
heterogeneous to be profitably accepted as a genus. Nor does our
species come near to accommodating itself to C'etenicella as redetined
by Hartmeyer. There is no course open to us, therefore, but to place
it in the genus Molgula. in which gronp it ocenpies a fairly distinet

place by virtue of the possession of the siphonal processes.
The specific name has reference to the wart-like appearance of the

siphons even in preserved specimens.
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Halocynthia johnsoni Riit.
Halocynthia johnsoni, Ritter, 1909.

A striking thing about this species is its great abundance in San
Diego Bay, and the large size reached there by the individuals, as
compared with what one finds on the open shores. Its favorite habitat
appears to be the piles of wharfs where, at times, it makes almost a
sold coating. Although it must be counted as a native of the whole
littoral zone, we have found only occasional small specimens at outside
points.

Mention may be made of the fact that before San Pedro Bay was
completely dredged to make it a harbor, H. johnsont occurred there
in the shoaler waters in enormous numbers on the bottom, associated
with several species of lamellibranch molluses.

Styela montereyensis (Dall)
PL 38, fig. 1; pl. 41, fig. 28-34
Cynthia(?) montereyensis, Dall, 1871, p. 157,
Clavelinopsis rubra, Fewkes, 1889.
Boltenia(?) rubra, Herdman, 1891, p. 599.
Styela montereyensis, Ritter, 1893, p. 39.
Styela montereyensis, Bancroft, 1899, pp. 73 and 92.
Styela (sens. restr.) montereyensis, Huntsman, 1911, p. 131.

Although Styela montercycnsis was, so far as we know, the first
ascidian ever described from the California coast, and though it has
been studied more, probably, than any other, because of the meager-
ness of the original deseription we deseribe it as fully as though it
were a new species.

Superficial characteristics (pl. 38, fig. 1).—Long, eclub-shaped,
pedunculated ; prevailing color dark red. Peduncle at least as long as
body, often twice as long. Test firm, thick, opaque, with about twelve
corrugations. Transverse wrinkles often occur, particularly at anterior
end and along pedunele. Both orifices 4-lobed ; siphons always distinet,
the branchial being directed ventrally with a pronounced uniform
curve, the atrial directed anteriorly. Body merges gradually into
peduncle,  Mantle fairly muscular but semitransparent, containing
two layers of muscle, an inner one of longitudinal bands overlaid by
a more delicate layer of transverse fibers crossing it at right angles;
hoth layvers become feeble posteriorly and wholly disappear in the
peduncle.

Table 1 gives measurements for Stycla montereyensis from different
localities.
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TABLE 1
Styela montereyensis

Length Length Number of
) of brancbial

Locality body peduncle Longitudinal vessels of sae tentacles
San Diego 7-14-10-16-13-16-9-22-7 R. 133

Bay Wem, Wom, o ] 6-14-15-16-12-16-11-22-7 L.

X 6-13-9-11-7-14-S-17-6 R. 100
Pac Grove  Scem. !

acifie Grove Sem Sem, en ) 6-12-9-11-8-15-9-18-6 L.

Trinidad 3.5 em, 8 em. end 6-0-8-8-4-8-1-14-6 R. 80
Northern

Mendoeino 3.5 em. 5 em. end 3-6-4-8-4-7-5-10-3 R. 60
County

Northern

Mendocino 3em. 3.5em. end 2-4-4-5-5-{-4-10-3 R. 55
County

Patriek "

Point 25e¢m.  Sem.  end 3-7-5-8-5-8-5 12-5 R. 65
Coronado 2.5 em. 25em. end 3-{-5-6-3-£-3-8-2 L. 65
Half Moo

Bay . lSem. Zem.  end 2-445-3-4-3-6-2 R. 50
Point Con- . - ~

G 1.6 em. 1.8cem.  end 3-10-3-7-3-12-3 R. 56
Pebble Beach 1 em. 1 cm. end 2-5-3-6-3-5-2-8-3 R. 40

Branchial systcm.—Branchial tentacles numerous. long, slender,
inflated, varying in size and number, maximum being about 130 (pl.
41, fig. 30). Atrial tentacles numerous, flliform, seattered over inner
surface of a velum near base of atrial siphon: outer surface of velum
applied to wall of atrial siphon (pl. 41, fig. 32). Dorsal tuberele
prominent, hypophysis month of horseshoe type, varying greatly in
different individuals. DBranchial sac with four folds on each side, those
next the dorsal lamina having the greatest number of longitudinal
vessels.  Longitudinal vessels on folds and in spaces vary greatly in
number with size of individual. Transverse vessels eross longitudinal
vessels and produce the meshes which are about square. Number of
stigmata in a mesh from three to ten. Dorsal lamina a plain mem-
brane. Endostyle tortuous at anterior end. Spinules ocenr on inner
surface of siphons, their free margins rounded and their snrfaces
longitudinally striated (pl. 41, figs. 33 and 34). Each spinule a single
cell with a single nuelens situated somewhat nearer the base than the
apex of the cell. The longer. more or less pointed striated part of the
cell is a thin, indurated layer making something like a shield on the
cell’s back. The existence, in an animal as high in the animal kingdom
as the aseidians, of structures which consist of a single cell and present
differences in different species, is a fact deserving special mention.
Huntsman (1911) was the first to deseribe the spinules in detail. and
we are glad to be able to confirm his observation that the structures
are regularly different, at least as between S. montercyensis and S,
yaculatensis.
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Digestive system (pl. 41, fig. 29) . —On left side of animal. Stomacl,
in lower left half of body near ventral side-wall, possessing about
thirty close, regular, ridges or folds. Ksophagus somewhat less than
half as long as stomach and joins latter at its posterior end. Long
axis of stomach parallel with that of body. Intestine, immediately
upon emerging- from the pylorus, bends posteriorly and lies along
upper half of stomael : it makes U-shaped bend anteriorly to form the
rectal arm, which is about twice as long as the descending portion;
anus with from six to sixteen blunt lobes. Inside the intestine, run-
ning its entire length, is a broad, fleshy fold that rolls up to form a
tube. At the pylorus this expands into a bulb cleft on its surtace.
tunning the entire length of the intestine is a clear, thin strip of wall
about opposite the fold. Tn the stomach near the dorsal side 1s a fold-
less strip, the width of several folds. A larger and broader fold than
the others borders this plain surface on one side.

Reproductive system (pl. 41, figs. 28, 29, and 31).—Ovaries much
elongated. eylindrical masses, two on each side of the body; those on
the right longer, extending nearly entire length of the body; those on
the left considerably shorter. Of these latter the larger lies in the
loop of the intestine and follows the rectum. The smallest ovary
extends diagonally from the pyloric end of the stomael to end near
its partner. Ovarian cylinders narrow down to short necks or oviduets
near base of atrial siphon. Arranged along both sides of the elongated
ovaries are series of testicular lobes, whose dnets unite on the mid-
line of the inner surface of the ovary, and the common vas deferens
thus formed ends as a papilla, a little short of the termination of the
oviduet. The shape of the testicular lobes varies considerably, being
simple and club-shaped in the yonnger individuals, but becoming
bifurcate and irregularly branched in the larger ones.

Breeding (ime—The summer months at least, in Monterey Bayv.
Observations on the point have not been made at other times and in
other localities.

Habitat and distribution.—The littoral zone from British Columbia
at the north to the southern limit of the United States at the south.
aceording to present knowledge.

That this. one of the earliest known and most familiar aseidian
species of Pacific North America, shonld have remained to this time
without a detailed deseription is one of the vicissitndes in the progress
of knowledge of our local marine fauna.

Although the specifications as to eolor in the diagnosis is the
simplest statement thiat can be made, it would have to be much modi-
fied to make it apply to all individuals. Rarely if ever does it happen
that a grown specimen is uniformly eolored. The anterior part and
one whole side of the animal are frequently more highly colored.
Occasional specimens are almost devoid of the red eolor.

The flutings of the test are real structural differentiations and not
mere folds, the test heing mueh thicker in the ridges than in the
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valleys. A cross-section of the ridges reveals, even to eursory inspee-
tion, the fact that the outer half, approximately, of the test-substanece
of the ridge is denser and more opague than the inner part. This ease
of sharp differentiation within the mass of a structure produced
mainly by seeretion shonld repay investigation.

Partienlar attention may be called to the fact so clearly brought
out in the table, that the number of inner longitudinal vessels of the
branchial sae, both on and between the folds, increases regularly and
continuously with the increase in size, and henee presumably with the
age of the animals.

Equally elear is it that the branehial tentaeles also increase in
number. This result corresponds with what was found by Ritter
(1913) in several other speetes, but it is interesting to notiee that
certain differences in the mode of inerecase of parts in different speeies
is indicated. For example, while the addition of new branchial ten-
tacles in N. montcercyensis is obvious for a large portion. at least, of
the individual’s life, this seems to be rather exeeptional; for little or
no inerease in number cecurs in fHalocynthia awrantium, Boltenia
ovifera, and Stycla macrcnlcron, speeies previously stndied with refer-
ence to the same poit.

Althongh the three stalked species of Stycla oceurring on the
Paecifie Coast of North America are well known to the senior author
of this paper, two of them, N. grccleyi and S. yacutatensis having been
deseribed by hin. until reeently there has been some doubt in his mind
about the specific distinetness of the three. DBut the studies of Tunts-
man and onr own have removed the doubt.

It is noteworthy that this species, like scveral other ascidians,
seems to Hourish much better on the piles and other similar objeets
introdueed into the water than on the natural shore rocks. The senior
author has eollected N. montereyensis from many points on the coast
from San Diego to Mendoeino, but has never seen a specimen of any-
thing like maximum size growing on native roeks. The largest indi-
viduals scen were on the piles of the wharf at Santa Barbara; and at
no other point has it been found in such abundance as there. How-
ever, it occurs in abundanee and large size on the wharfs and break-
waters in the vieinity of Lios Angeles.
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Styela gibbsii (Stimp.)
Cynthia gibbsii, Stimpson, 1864, p. 159.
Styela gibbsii, Herdman, 1898, p. 261.
Styela gibbsii, Ritter, 1907, p. 23.
Tethyum gibbsii, Hartmeyer, 1909, p. 1350,
Styela (sens. restr.,) gibbsii, Huntsman, 1911, p. 131.

This is one of the most widely distributed ascidians of the west
coast of North America, it being now recorded from British Columbia
to San Diego, and from the littoral zone to a depth of forty fathoins.
On the coast of southern (alifornia it appears to be rare along shore,
but fairly common down to a depth of forty to fifty fathoms.

Styela barnharti, n. sp.
PL 38, fig. 2; pl. 42, figs. 39 and 40

Superficial characteristics—Roughly elliptical in outline, almost
twice as long as broad, with branchial siphon sessile and directed
anteriorly ; atrial orifice a short distance below it on dorsal side. Each
orifice 4-lohed and surrounded by four flattened, smooth mammillae
corresponding to the lobes. Entire surface of the body mammillated
with large ronnded protuberances, except for the flattened dise of
attachment (pl. 38, fig. 2). Test thick, firm, tough and semitrans-
parent.  Color reddish yellow, the red being most intense on the
anterior end.  Mantle strongly muscular, musculature consisting of
longitudinal overlaid by weaker circular bands. Circular muscles most
strongly developed in siphonal regions. Size of largest animal in-
vestigated: length 4 em., diameter 2.25 em.

Branchial systcm.—Brauchial tentacles of several sizes, about forty.
Atrial tentacles numerous, very small, slender, and tapering; in a
single cirele on inner surface of a narrow velum which is folded up
against the wall of atrial siphon but not smoothly, the result being
that the atrial tentacles are inserted in the bottom of a groove formed
by a fold in the velum. The free edge of the velum and the rounded
edge of the fold, between and beyond which the tentacles extend, are
on about the same level. Spinules, each consisting of a single cell,
oceur on inner surfaces of siplions; rounded and toothed at their ante-
rior ends with striations corresponding to the teeth on the dorsal sur-
face ; nucleus of the cell situated toward the posterior end. Spinules
very similar to those of S. montereyensis. Dorsal tubercule liorseshoe-
shaped with ends curled inward. Branchial sac with four folds on
each side. The distribution of the longitudinal vessels on the two
sides for the large individual was:

q's | 6-16-9-14-6-11-8-15-6- R.
€481 6-16-10-16-6-19-T-16-6- L.
Transverse vessels of four orders and regularly arranged. Order of
oceurrence: 1—4-3—4-2-4-3-41; those of fourth order crossing the
stigmata. Dorsal lamina a plain broad membrane.
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Digestive system.—On left side of body. Esophagus (e., pl. 42,
fig. 40) emerges from dorsal posterior portion of branchial sac and
curves into stomach, which is over twice as long as wide, and has about
thirty-five longitudinal folds. Stomach lies along ventral and poste-
rior portion of the animal; from its pyloric end the intestine runs
auteriorly considerably past the middle of the body, then forms a
loop and runs posteriorly parallel to itself and the stomach and to the
left of the cardiac portion of the stomach, where it again forms a wide
loop and runs anteriorly along dorsal portion of the animal, becoming
somewhat convoluted just before reaching atrvial orifice, where it ends
in an anus bordering by many rounded lobes (pl. 42, fig. 40). Endo-
carps very numerous on intestine as well as on mantle.

Reproductive systemn.—Gonads probably nine in number on the
right side and three on left side; those on the right in two groups.
On the right side toward the dorsal surface are six parallel ovarian
eylinders (o., pl. 42, fig. 39). Of these the two middle ones are largest
and seem to be continuous with each other at their posterior ends,
although this may be due to crowding, as the glands were distended
with ripe eggs. The two pairs of ontside ovarian cylinders are less
than half the diameter of the middle ones, all ending in tubular ovi-
ducts at their anterior ends somewhat below the atrial orifice. Just
posterior to and partly concealed by the most ventral of these ovaries
is a very small evlinder making the seventh of the group. Testienlar
lobes are thickly attached to the inmer surfaces of the eylinders and
their vasa efferentia join the vas deferens running along the center of
each eylinder to end in a free tubular portion similar to and just back
of the oviduet. The second group of two gonads of the right side is
anterior to the group just described and transverse in position. The
testicular lobes in this group extend considerably beyond the ovaries
(pl. 42, fig. 39). On the left side the longest ovarian eylinder lies in
the last loop in the intestine. The second longest one lies diagonally
from the top of the first intestinal loop toward the atrial orifice.
Between these two is a much shorter evlinder, ending in an oviduct
located considerably farther back than the other oviduets (pl. 42,
fig. 40).

One large specimen of this species was taken in July, 1915, from
piles in San Diego Bay. Two small specimens were found in February
on the carapace of a crab, Rhodéa parvafrons, taken at the end of the
wharf of the Scripps Institution.

Styela barnharti belongs to the comparatively small section of the
genus which have more than five conads on a side. Its nearvest of kin
seems to be N. cIsa Hartmeyer of the Japanese waters. So far as the
gonads of the right side are concerned, barnharti and clsa appear to
be considerably alike, the resemblance pertaining not only to the
number but also to the disposition; for, aceording to Hartmeyer, those
of this side form two groups. Ilowever, the anterior group in clsa
contains three instead of two as in barnharti. But the similarity
between the two species bevond this point is not close. TIn elsa the
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gonads of the left side are as numerous as those of the right, though
in the forin of the digestive tract and the number of the internal
longitudinal vessels the two are not widely separated. But in body
form, character of the external surface, and number of branehial ten-
tacles, as well as in the gonads of the left side, the two species are
sharply separated.

Worthy of note is the faet that a majority of the Styelas having
a high number of gonads apparently belong to the Pacific Ocean.
But should more extensive study prove this to be actually so, the fact
could hardly be considered as anything more than a coineidence. So
far as we have been able to aseertain from the literature, the differ-
ence in thiekness of the ovaries of the vight side of S. barnharti, as
shown in figure 39 of plate 42, is nnigue. Tt should be remarked that
it is not due to difference in the stage of growth in the ova, these not
being of recognizably different size in the larger ovaries. The mean-
ing of this difference is not clear, but the fact that on the right side,
where the number of ovaries is greatest, there are three distinet sizes,
the smallest being relatively quite small, suggests that these smaller
ovaries are in process of becoming rudimentary.

We take pleasure in naming this interesting Stylea for Mr. P. 1L
Barnhart, curator of the Seripps Institution, to whom we are indebted
for all the specimens so far seen.

Ascidia californica, n. sp.
Pl 38, fig. 6; pl. 41, figs. 24 to 27

Superficial characteristics (pl. 38, fig. 6).—Elliptical in outline
but somewhat narrower anteriorly and quite depressed. Aftached
by the entire left side. Test thick, gelatinous, containing many
anastomosing vessels, translucent but not sufficiently transparent to
permit much of the internal organs ta be seen; surface generally
smooth and even. Siphons usually not prominent; the branchial
directed forward and frequently somewhat to the right; the atrial
located at half or a little morve than half the animal’s length toward
posterior end on the upper surface but toward the left edge. The
eight lobes of the branchial orifice are regular and somewhat long and
pointed, with a brick-red pigment spot between the lobes. Lobes of
the atrial orifice, almost invariably six in number, are bordered by a
series of minute teeth; shorter and more rounded than the branechial
lobes and similarly possessing pigment spots (p.s., pl. 41, fig. 27).
Largest specimen about 3.5 em. long and twice as long as wide ; usnally
smaltler. Mantle thin and transparent on left or under side, with no
musele bands except in siphons and anterior part of branchial sac;
on right or upper side musele bands, running in all directions, formn a
thick pad.
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Branchial system.—Siphons described above. Branchial tentacles
very long and slender and of about the same size, varying in number,
the larger individuals having as many as 150. Hypophysis (hy., pl.
41, fig. 25), small and either oval or horseshoe-shaped with opening
directed forward. Ganglion mass (gl.) separated by several times
the length of hypophysis-mouth from the hypophysis (pl. 41, fig. 25).
Dorsal lamina (d.l.) a broad membrane, broader posteriorly than
anteriorly, provided with transverse ribs which project slightly past
the edge; a few minute teeth between these projections. The lamina
extends beyond the opening of the esophagus to the end of the sac.
Branchial sac extends the entire length of the animal. Internal
longitudinal vessels bear papillae at their intersections with the trans-
verse vessels. In a large individual sixty internal longitudinal vessels
and seventy transverse vessels were counted. No intermediate papillac
present ; ends of papillae curve toward the dorsal lamina and have a
bulge on the concave surface. Plications in branchial membrane
fewer than the longitudinal vessels. Meshes rectangular, a little
longer than wide, each containing about three stigmata.

Digestive system (pl. 41, fig. 24) . —On left side of branchial sac.
About one-sixth of the branchial sac extends behind the digestive
apparatus and about one-third in front of it. Mouth of esophagns
about one-fourth the length of branchial sac from its posterior end.
Esophagus sharply curved to enter the stomach. Stomach (s, pl
41, fig. 24) about twice diameter of intestine at its esophageal end,
but gradually tapering to intestine at the other end; long axis at right
angles to that of sac; wall with about twelve, wide, orange-colored,
longitudinal folds. From the stomach the intestine vuns anteriorly
and then curves in such a fashion as to form the letter S reversed.
Smooth-edged anus close to base of atrial siphon. A renal gland
ramifies over the rectal Himb of the intestine.

Reproductive system (pl. 41, figs. 24 and 26) —Pecnliar widely
branched ovary ramifies over whole inner surface of that part of
intestinal loop which lies anterior to stomach. Testis lobes, much
smaller and more finely branched than those of ovary, spread espe-
cially on inner surface of stomach and to some extent on both snrfaces
of intestinal loop. White vas deferens and oviduet run side by side
along posterior side of rectum, the vas deferens lymng between oviduet
and rectum, both ending near the anus.

Specimens with sperm ducts enlarged and with eggs in their ovi-
duets were taken in February at San Pedro, Santa Crnz, and La Jolla;
in Mav at Half Moon Bay; in June at San Clemente, and in July at
San Pedro.

. californica belongs to the Mentula section of the genus Ascidia,
this section heing considered as characterized primarily by the exten-
sion of the branchial sac and dorsal lamina behind the esophageal
mouth. But within this seetion it seemns to be sharply set off from any
species hitherto deseribed. So far as we are able to aseertain, the
fine pectination of the lobes of the atrial orifice (pl. 41, fig. 27) is
entirely unique. The form and distribution of the ovary also con-
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stitute good diagnostic features. In form, the ovary seems to resemble
that of A. aperta Sluiter more than that of any other speeies; but
the distribution of the lobes in the two is quite different, the broad,
simple loop of the intestine of aperie making it impossible for the
ramification to implicate so large a portion of the loop as it does in
californica.  But in most respects apcrta and californica are very
distinet.

A. californica probably resembles .lscidia (Phallusia) ceralodes
Huntsman from the coast of British Columbia more closely than any
other species, but from this it is distinguished by its smaller size,
larger number of internal vessels, both longitudinal and transverse,
smaller number of folds in the stomacl, and most positive of all, more
diffuse character of the ovarian lobes.

In view of the fact that the species is fairly common in the whole
California littoral and seems not to occur much beyoud this region,
to the north, at least, we have felt that it is sufficiently typical of the
region to merit the specific name californica.

Habitat and range—On under sides of rocks at extreme low tide,
the California coast from San Diego to Half Moon Bay (Mendocino
County) ; also on kelp holdfasts (La Jolla) and ‘‘eel-grass’’ (Tomales
Bay). Also to depth of thirty meters off San Diego.

From the material and data at our disposal the species seems to
reach its best development at Santa ('ruz.

List of localitics.—San Diego region, almost everywhere, including
San Diego and False Bays as well as points on the open coast, especially
at La Jolla; Laguna Beach; San Pedro; San (lemente Island; Mon-
terey Bay; mouth of San Krancisco Bay; Tomales Bay. But at none
of the stations except in Monterey Bay, at Santa Cruz, has it been
taken in large numbers massed together in the fashion characteristic
of many ascidian species.

La Jolla.

Type locality.

Cheylosoma productum (Stimp.)

Cheylosoma productua, Stimpson, 1864, p. 161.
Cheylosoma productum, von Drasche, 1884, p. 281,
Cheylosoma productum, Baneroft, 1898, p. 309,
Cheylosoma productum, Huntsman, 1911, p. 124.

The prevailing size and elevation of specimens of this species,
occurring on the California coast, are so much less than similar dimen-
sions of animals from Puget Sound, the type locality, as to seem alniost
to justify the recognition of a subspecies for the southern forms.
However, neither the detailed anatomical studies by Bancroft (1898)
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nor the examinations made later by several observers have succeeded
in finding any constant structural characteristics on which to base
such a group; and as both size and height are subject to much varia-
tion it appears best, on the whole, not to give our forms a separate
name. Specimens are not infrequently taken in the littoral zone, hut
are more common in depths of a few fathoms.

Ciona intestinalis (L.)
Ascidia intestinalis, Linn., 1767, p. 1087, no. 3.
Phallusia intestinalis, Sav., 1816, p. 169,
Ctona intestinalis, Flemmivg, 1828, p. 468,
Ciona intestinalis, Roule, 1834, p. 13.
Ciona intestinalis, Hartmeyer, 1903, p. 297,
(For an exhaustive bihliography, see Hartmeyer, 1903.)

We have subjected specimens from San Diego Bay to a thorough-
going comparison with the descriptions and figures of Mediterrancan
specimens given by M. Roule in his wellknown monograph of 1884,
and find nothing to suggest even a race distinetion for the west
American animals,  Indeed, the perfect identity and the fact that
the species appears to be distributionally restricted in this region
alnost entirely to localities frequented by ships, leads one to wonder
if it is not an immigrant to these parts. This surmise is the more
warranted by the habits of the animal, it being especially given to
clinging to the under sides of tloats, buoys, and the like. In these
sitnations it flourishes most luxuriantly and ocenrs in enormous nnm-
bers. We would not however, make too much of this suggestion as to
distribution. since the species has been reported (Inntsman. 1911, and
Ritter, 1913) from a rather wider range in Pacific waters than is
altogether consistent with this theory. (Yora is sexually ripe in San
Diego Bay through the later summer. the entire autumn, and to mid-
winter at least: probably ripe animals may be found thronghout the
year.

Metandrocarpa dura (Ritter)
Goodsiria dura, Ritter, 1896, p. 150,
Metandrocarpa dura, Michaelson, 1904, p. 70.

Althongh this species is not very often taken in its original habitat.
it is still one of the most conspicuous of our ascidians—this from its
favorite habit of forming inerusting masses on various of the larger
seaweeds, which, thongh usually growing below tide, are often washed
up decorated with the bright red colonies.
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Metandrocarpa michaelseni, u. sp.
Pl 38, fig. &; pl. 39, fig. 14; pL 42, figs. 41-45

Nuperfictal characteristics (pl. 38, fig. 8).—Zooids appearing as
rounded mounds, the larger ones averaging about 4 mm. in diameter
through base and from 2 to 3 mm. high; never embedded in a common
test but probably always a film of test passing between them ; adherence
to substratum, usually the under side of rocks, very eclose. Color
bright, cherry-red to hardly more than a tinge of that color; cherry
far more common. Siphons short and always deeper red than body.
Tn large colonies, which may be half a square foot in extent, zooids
come to be close together, almost covering the substratum, but these
irregularly distributed with no intervention of common test. Blasto-
zoids seem always to move away some distance, three, four, five or more
millimeters and a delicate trail of test with a strand can be made out
connecting bud and parent (f.f., pl. 39, fig. 14). TLarge, numerons
ectodermal vessels in test film around blastozoid (e.p., pl. 39, fig. 14).

Zooids.—Test thiek, tough. and not transparent. Mantle with
many ecircular and longitudinal musele fibers. Body rests on its left
and ventral side with its anterior or dise shifted toward right and
dorsum so as to bring branchial orifice to top of mound (pl. 42,
fig. 42) ; length abont 3 mm.: consisting of large branchial sae with
digestive and reproductive organs on the sides.

Branchial system.—Siphons fairly close together in central portion
of the upper surface of mound and very little elevated above general
surface; orifices not bordered hy definite lobes. Branchial tentacles
from thirty to forty, alternating long and short (pl. 42, fig. 43).
About twenty very small atrial tentacles (pl. 42, fig. 44). Branchial
sac at most with nine rows of stigmata: four or five internal longi-
tudinal vessels on each side: largest individuals always with five on
each side; very fine transverse vessels eross most of stigmatic series
midway between the primary vessels. Much pigment in blood cells
thronghout branchial sac as in other tissnes of animal. Number of
stigmata abont thirty in each half series. Table 2 shows the distribu-
tion of the stigmata in five individnals.

TABLE 2
Indiv. Side 1stspace 2d space 3d space  4thspace 5Sthspace 6th space

{ L 6 6 6 5 3 5]
I 9r 6 5 3 3 s DL
- (L 6 5 + 3 2 4] D.L
- )R 6 5 4 4 3 7 g A

{ L 7 6 5 4 5 0] i
PR 6 1 3 4 2 6( Db

L. 6 5 &3 4 4 0

€ g R. 5 6 3 3 3 4 ?g D Ly
. (L 7 5 5 3 3 5]
R 6 5 6 4 3 ST

Dorsal lamina, a plain fold growing wider and thicker posteriorly.
Hypophysis a single elliptical opening just anterior to the elongated
ganglion (hy. and g.g.. pl. 42, fig. 43).
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Digestive system (pl. 42, figs. 41 and 42).—Sitnated on left pos-
terior half of branchial sac. Esophagus (e., pl. 42, fig. 41) emerges
from dorsal posterior part of branchial sae. Stomach wider than
long, its wall thrown into twelve to seventeen looped folds of varying
lengths depending on their position; eight of these folds heading
aronnd the esophagns, the others, shorter, on opposite sides of organ.
point toward a seam constituting a part of the cardiac end of stomach.
A sac-like caecum (c., pl. 42, fig. 41) on stomach near end of seam,
joined by a fine duet to pyloric gland which ramifies over intestine
(p. gl., pl. 42, fig. 41). Intestine emerging funnel-wise from stomach,
regnlarly S-shaped, the dovsal half of the S twisted nearly to a right
angle with ventral half (int., pl. 42, figs. 41 and 42) ; a narrow, thin
strip of epithelium running along entire convex side of intestine;
anus with a thickened bilobed margin. sitnated in atrial chamber near
atrial orifice.

Reproductive system (ot pl. 42, fig. 41).—Gonads in form of
‘“polyearps’” attached to mantle on both sides of body. Abont three
ovaries anteriorly sitnated on cach side of endostyle (0., pl. 42, fio.
41). About five testis masses (¢., pl. 42, fig. 41) on vight side in a
row along the endostyle; on the left side nsually four or five masses
arranged around end of intestinal loop. From the snmmits of male
gonads extend short vasa deferentia into the peribranchial cavity
(v. d, pl. 42, fig. 45).

Breeding habits—Embryos and advanced tadpoles retained in
peribranchial ehamber; breeding during midwinter months.

This species, the name of which we are glad to make stand as a
testimonial to Dr. Michaelsen’s good work on this group of ascidians.

rather sharply distinet from M. dwra Ritter, its neighbor in habitat.
as well as in a number of structural features. While dura never, so
far as onr observations go, departs much from the completely aggre-
gated and fnsed type of colony (Ritter, 1396, especially figures 1 and
2, pl. 12), the colony of michaclseni seems never to assume this form.
Not infrequently the zooids of the wmiddle portion of the colony of
michaelseni are so close together as to be nearly or quite in contact
with one another. This seems to arise entirely from the intercalation
through budding of new zooids and never from the approximation of
the buds in the new parts of the colony. The trailing off of zooids in
these parts of the colony as shown in fignre 14 of plate 39, is entirely
characteristic of this species. This difference may depend npon the
difference in habit of the two speeles, dura growing typically on sea-
weeds where, as a consequence, the room for expansion of a given
colony is limited, while michaclseni is almost if not qnite restricted to
the surfaces of rocks and mollusean shells. As to the zooids them-
selves, the most positive difference is in the number of series of
stigmata, dura having twelve and michaelscni nine.



460 University of California Publications in Zoology — [VoL. 16

Habitat and distribution—Typically the under sides of rocks in
littoral zone on roeky shores everyvwhere on eoast of sonthern Cali-
fornia and probably, though not certainly, as far north as San Fran-
cisco, at least.

Type locality—La Jolla.

Polyzoa translucida, n. sp.
PIL. 38, fig. 7; pl. 42, figs. 36 to 38

Nuperficial characteristics of the colony.—Composed of zooids
joined by short strands to a basal network and, in older eolonies, with
individuals so elose together that eonsiderable portions of the tests
of neighboring zooids adhere to each other. Zooids generally ronghly
egg-shaped although in the largest individuals the two siphons on
anterior end may be quite prominent. Zooids colorless and semi-
transparent (pl. 38, fig. 7).

Zooids.—Lavgest 5 to 6 mm. long and 3 to 4 mm. thick. Tests
tough, but thin and transparent. Mantle with numerons fine longi-
tudinal and transverse muscle fibers. Body eonsisting of large
branchial sac with digestive and rveproductive organs located at side;
on eaeh side about opposite the third stigmatic series, an elliptical
sac-like body attached to mantle, probably corresponding to the endo-
carps of styelids (en., pl. 42, figs. 36 and 37).

Braunchial systcm—DBranchial siphon 4-lobed, located in middle
of anterior end. Atrial siphon also 4-lobed, near branchial siphon on
dorsal side of auterior end. Branehial tentacles abount thirty, alter-
nating long and short. Atrial tentaeles about twenty. very small.
Branchial sac¢ withont folds, with twelve rows of stigmata, each having
from thirty to forty stigmata in a half-series; three longitudinal ves-
sels on each side ; greatest number, about fourteen, of stigmata between
endostyle and first longitudinal vessel; about eight stigmata in each
of remaining intervals. TIn largest individual fine longitudinal vessels
eross the stigmatic series midway between the primary vessels (pl. 42,
figs. 36 and 37). Endostyle narrow. Dorsal lamina a plain mem-
brane rolled into a tube. Hypophysis a slit-like opening just in front
of ganglion.

Digestive system.—Situated on left side and posterior half of
branchial sae. Esophagus (c. pl. 42, fig. 36) about eqnal in length to
stomach; emerging from branchial sac near its dorsal edge, removed
about two stigmatic series from its posterior end. Stomach (s., pl.
42, fig. 86) considerably broader than long, made up of eleven or twelve
prominent folds shorter on side turned away from sae. A section of
intestinal tract consisting of the esophagns. stomaeh, and a portion
of the intestine abont as long as the esophagus, lies in a horizontal
position: organ then bends and runs parallel to its previous conrse
nearly to the dorsum of animal, where it turns anteriorly a short
distance and ends in the bilobed anns. In wall of intestine is a narrow
strip running its length, thinner than the rest of the wall and free
from pigment. which is seen to be a groove when viewed from within
the cavity of the intestine. A caecuun from near pyloric end of
stomaeh 1s joined hy a fine duet to a pyloric gland which ramifies
over intestine (pl. 42, fig. 36).
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Reproductive system—CGonads hermaphroditic ¢ polyearps,”’ those
on right disposed i row along the endostyle, as many as twelve in
large individuals; on left about five, sitnated near endostyle in ante-
rior half of sac (0. and ¢, pl. 42, figs. 36 and 37). In large individuals
peribranchial cavities contain numerous eggs and larvae. 1In such
cases the large oviduet forms a conspicuous portion of hermaphroditie
gonad (ov. d., ph. 42, fig. 38). A small tentacle-like sperm duet termin-
ates the male gonad near oviduct (v. d., pl. 42, fig. 38).

Habitat and distribution.—So far as known, only from whart piles
in San Diego Bay where it oceurs interwoven with hydroids and other
animals which inhabit the piles. The only specimens were taken in
June.

Althougl the presence of eight internal longitudinal vessels on the

branchial sac is held to be a generic character in Polyzoa, we cannot
believe that the muech smaller number in frenslucida ought to bar it
from the genus, so well does it agree with the other more important
generie characters.

Botryllus tuberatus, n. sp.
PL 39, figs. 10 and 12; pl. 40, fig. 22

Superficial characteristics of the colony.—Thin, encrusting, nsually
not move than 3 or 4ecm. in expanse and 1 to 2 mm. in thickness.
Number of zooids in civcular systems varies between three and ten;
systems close together. Zooids usually black from pigment although
variations occur, and colonies with comparatively little pigment are
found. Zooids of a system communieate with common atrial orifice
by long, spout-like siphons (a.s., pl. 40, fig. 22) ; openings of siphons
varying from small and oval in younger zooids to large and gaping
in older ones; edges of upper portions of openings unite to form the
comnon cloacal orifice, lower lips often extending a little beyond the
cloacal orifice, so as to be visible through it from above (pl. 39, fig. 12).
At intervals along margin of colony occur exceedingly dense, pedun-
eulated bunches of ectodermal ampullae, each ampulla having its own
long ectodermal vessel running mto body of colony; young zooids
often ocenrring among the ectodermal ampullae (c.e. and y. z. pl. 39,
fig. 10) ; the ectodermal vessels genevally branch and send out smaller,
less darkly pigmented ampullac. Test gelatinous and transparent.

Zooids—Length about .8 mm. General shape cylindrical Dbut
curved, coneave side being dorsal; length a little greater than width.
Mantle strongly pigmented, and containing a few widely separated
extremely delicate longitudinal musele fibers (pl. 40, fig. 22).

Branchial system.—Sac eylindrical, a little longer than broad:
four series of stigmata; three longitudinal vessels on each side; about
fourteen stigmata in each half-series: usually three stigmata in spaces
between longitudinal vessels and four between endostyle and its
adjacent vessels, and four between dorsal lamina and its adjacent
vessels; stigmata five or six times as long as broad. Endostyle wide
and straight. Dorsal lamina a plain membrane rvolled into a tube.
Sixteen small branchial tentacles of which the eight larger ones alter-
nate with eight very small ones.
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Digestive system.—Situated on left side and posterior end of
branchial sac. Stomach longer than broad, and tapering toward
esophageal end, its long axis being horizontal and its lower edge about
even with lower edge of sac; its wall thrown into seven distinet
longitudinal folds; a tubular caeenm attached to stomach near its
posterior end and upper side (ec., pl. 40, fig. 22). TIntestiné tapers
from stomach and almost immediately makes a sharp bend and runs
dorsally parallel to and above stomach; upon reaching dorsal edge of
body, it turns anteriorly for a short distance; anus situated in lower
part of atrial chamber.

Reproductive system.—No reproduective organs were seen in the
colonies investigated. The faet that the specimens were collected in
Jannary and December may account for this. Very voung zooids had
two great protruding buds, one on each side. TIn young zooids the
atrial orifice is similar to the branchial but takes on the spont-like
character as the animal matures.

Habitat and distribution.—So far as known, B. tubcratus is con-
fined to the coast of southern California. No Botrytlid has yet been
seen north of Point Coneeption. The type loeality of this species is
Santa Barbara, and the specimens taken there were on the leaves of
kelp, Macrocystis pyrifera. Despite mueh seareh in the kelp beds off
San Diego, the animal has not been found there. At La .Jolla the
speecies occurs in eonsiderable abundance at times on rocks at extreme
low tide. This difference in habitat and the faet that the San Diego
speeimens are, at least in some cases, mueli more decply pigmented
than those from Santa Barbara and usnally devoid of the peculiar
tnbe-like masses of ectodermal ampullae, have caused us to hesitate
much as to the propriety of regarding them as helonging to the same
species.  However, the absence of differences in the zooids of the
colonies from the two loecalities, the well-known color variation in the
genus, and the presence of small and somewhat protruding clusters of
ampullae on a few specimens from points midway between Santa
Barbara and San Diego have led us to follow the more conservative
course and treat all the specimens as of the same species. Should
future study prove this to be unjustifiable, the San Diego form
should be the basis for another species.

The great pednnenlated masses of ampullae are sufficient iu them-
selves to set fuberatus off sharply from the other species of the genus.

Botrylloides diegensis, n. sp.
Pl. 43, figs. 46-49

Superficial characteristics of the eolony.—Flat, inerusting, irregn-
lar in ontline; may be several centimeters in expanse with a thickness
of 5 mm. Color in life varying from pinkish yellow to purple.
Systems elongated; number of zooids in a system variable, ten to
fifteen occurring in the older systems; islands of test (7. £.. pl. 43, fig.
49 in the colony surrounded by zooids give impression of systems;
atrial orifices not fonnd. Eetodermal vessels and ampullae numerous
near margins of colony and in island of test; ampullae oval, and black
from accumnlation of pigmented cells.
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Zooids.—Cylhindrical, standing vertically in test; length 2.5 mm.,
width about 1mm.; length of languet and size of atrial orifice varies
depending upon position of zooid in system; atrial orifice often wide
and gaping. Mantle thin, with feeble musculature, only a few circular
and longitudinal bands occurring ncar branchial and atrial orifices,
but pigment very abundant. Alimentary organs and stigmata casily
seen through mantle if some of pigment i1s removed with strong
alcohol (pl. 43, figs. 46 and 47).

Branchial system.—Branchial orifices large and cireular, project-
ing slightly above surface of colony. Branchial tentacles sixteen.
symmetrieally arranged. Tentacles next to endostyle and lateral ones
at a quadrant’s distance from this longest. with enlarged pigmented
bases, insertion deeper in the siphon than the others. Dorsal tentacle.
inserted just above the hypophysis. long but its pigmented base not
as large as in the others; alternating with the major tentacles, four
tentacles about half as long: and finally alternating with the eight
large and medinm-sized tentacles, eight very short ones (pl. 43, fig.
48). Twelve series of stigmata in the branchial sac with about four-
teen stigmata in a half-series; three internal longitudinal vessels on
each side; two or three stigmata in a mesh except next to the dorsal
lamina where there are from four to six. Dorsal lamina a plain
straight membrane, wider toward the posterior end of the body. Endo-
style large. conspicuons, straight. Neural gland sitnated over anterior
end of dorsal lamina just outside peripharyngeal band; duet of
gland opening conspicuously on surface of the oval dorsal tuberele
(hy., pl. 43, fig. 43).

Digestive system.—Stomach (s., pl. 43, fig. 46) seeming to con-
sist of nine or ten large drawn-out loops, these being clnstered at
esophageal end and from thence tapering back to pylorie end; loops
concentrated on right side, only three reaching around on left side so
that the latter presents a plain space from which a sac-like caeenm
(ec.. pl. 43, fig. 46) is given off toward the intestine where it connects
with a pylorie gland located on that organ; posterior to branchial sae
and toward right side of hody. Esophagus emerging from branchial
sae at its posterior end near dorsal lamina; about as long as stomach,
inserted into a depression surrounded by rounded ends of gastral
loops. Intestine on left side and posterior end of branchial sac, bend-
ing abruptly forward and dorsalward a short distance behind the
stomach ; anus on dorsal side of branehial sac about midway the length
of the zooids; two narrow, thin, non-pigmented strips on opposite
sides of intestine extend whole length of rectal portion. Rectum some-
what compressed, strips placed at edges of compression: strip along
outer convex side of intestine broader (pl. 43, fig. 46).

Reproductive system.—One ovary and one spermary on each side
of posterior half of hody, these appearing as conspienons protuber-
ances, the spherical ovary especially prominent when containing a
nearly mature ovam (o.. pl. 43, fig. 47) ; lobulated spermary anterior
to ovary of same side; ovary and spermary of left side farther forward
than those of right.

Habitat and distrihution.—The species occurs in great abundance
on piles, floats, etc., in San Diego Bay, but so far has not heen taken
elsewhere, though it will undoubtedly be found at other points on the
coast of sonthern California at least.



164 University of California Publications in Zoology  [VoL.16

B. diegensis appears to be more like Botrylloides purpurcum,
Ilerd. (Herdman, 1886) from near the Philippine Islands than any
other speeies.  The conspicnous gastrie loops are, however, quite dis-
tinctive of dicgensis.  Furthermore, purpurawom is deseribed as pre-
senting a lobing of the mantle at the branchial aperture which does
not oeeur i dicgensis. Again, the transverse mmsculature of the
mantle of purpurcm is considerably stronger than that of diegensis.

Perophora annectens Ritt.
Perophora annectens, Ritter, 1893.
Perophora annectens, Huntsman, 1911, p. 118.

A careful study of the asexual reproduction and relation of the
zooids in the colony in P. annectens relative to its geographie distri-
bution and general habits of life ought to he made; for nowhere in its
range. as it now seems, excepting in central California, do the colonies
reach the eomplete *compound aseidian’ condition described for some
speeimens by Ritter, 1893.  Althongh the speeies is by no means rare
on the southern eoast, we have never found it in any such abundanece
as that in whieh 1t occurs at Pacific Grove, and the zooids are always,
so far as our ohservations have gone, quite distinet from one another.
Huntsman (1911) reports the same to be true of specimens from the
coast of British Columbia.

Distaplia occidentalis, n. sp.

Although ). oceidentalis has already figured to a considerable
extent in writings on ascidians, notably in the paper by Baneroft
(1899). it has always appeared, so far as taxonomy is conecrned, as
a manuseript species by Ritter. But since neither diagnosis nor
species-figure have been published hitherto, its carcer as a known
species ought to date from the publieation of this paper, and Ritter
and Forsyth recognized as responsible for it (pl. 45, figs. 64 and 65).

Superficial characteristics of the colony—TEither flat and enerust-
ing. or pedunenlated and mushroom-shaped with all gradations be-
tween; flat. from 3 or 4 mm. thick and several centimeters in expanse;
pednneulated forms varying from 2 mm. to 1 em. or more across flat-
tened heads. peduneles being of same length or longer; flat form often
pedunculated at margins of colonies.  Systems plain, several in a
head; zooids closely arranged aromnd a large, evlindrical, lobed,
common atrial orifice, which extends considerably above the general
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surface as a dehicate-walled short pipe.  Color light green, variable,
dark brown, cadmimm-yellow, briek-red, dirty white. Test consisting
of a thin, tough outer layer eovering the less resistant inner portion,
both having many bladder cells; ectodermal vessels rmnning paratiel
with long axis of pednnele and not branehing or anastomosing.

Zooids (pl. 45, fig. 64) —Small, from 2 to 3 mm., average of twelve
individnals 2.5 mm. Mantle delicate, containing many diagonally
running muscle fibers; two strong dorsal longitudinal musecle bands
extending from the vieinity of branchial sipbon to the esophagus,
cansing branchial sae to shrink along dorsal sides in preserved speci-
mens. The atrial languet long, but varying in shape and size depend-
ing on position of zooid in colony : one or three-lobed.

Branchial system.—DBranchial siphon large with six broad blunt
lobes. At base of siphon sixteen tentacles, four placed symmetrically
at the quadrants of civele, mnch larger: alternating with these, four
abont half as long; finally alternating with the eight. eight very short
ones (pl. 45, fig. 65). Branchial sac with four series of stigmata: the
most posterior series having the longest stigmata, those of the other
series gradually shorter in order: the stigmata long and slender, abont
twelve in a half-series: each series crossed by a delicate intermediate
transverse vessel which does not interrupt stigmata; in young indi-
viduals stigmata become gradually smaller toward endostyle. leaving
triangnlar spaces between series and main transverse vessels.  Dorsal
langnets three, about half the length of the stigmata. located a little
to left of mid-dorsal line.

Digestive system.—Esophagus about equal in length to stomach
and very slightly twisted. Stomach inflated in appearance, ege-shaped,
long in proportion to its hreadth ; smooth on onter surface, shight, dis-
continnons, branching ridges generally longitudinal on mner surface,
giving it a veticulated appearance; long axis of stomach forming a
slight angle with long axis of zooid. On emerging from stomach,
intestine runs ventrally for a distance equal to width of stomach. then
hends anteriorly and maintains a straight course until it ends as a
lobed anus near the middle of branchial sac. Ramifying over the
intestine from the pylorns halfway up to anns is the pylorie gland
(p. gl.. pl. 45, fig. 64). Within intestinal loop is a elear hulh which
is part of this system; this connected with stomach by a fine dnet
(pl. 45, fig. 64).

Reproductive system.—Testienlar lobes and ovary on right side of
intestinal loop in young individuals, but in adults ovary always pos-
terior to loop and testis largely so. thongh owing o its great size it may
extend beyond the loop in both directions; testicnlar lobes all com-
mmnnieating with the vas deferens at ane point by delicate vasa effer-
entia: the vas deferens running along intestine nearly to the anus.
Oviduet a thin-walled tube lying immediately over the vas deferens.
bending to enter incubatory pouch at right dorsal posterior corner of
branchial sac. Inenbatory ponch (i. p.. pl. 45, fig. 64) containing two
or three eggs. very rarvely four; larvae present in colonies taken in
June and July; absent in colonies taken in January.

Habitat and distribution—On rocks in littoral zone from San
Diego to Puget Sound, eommon in many places.

Type locality.—San Diego, California.
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As pointed ont by Bancroft (1899), D. occidentalis is easily dis-
tingnishable from all the other species of the genus, with the possible
exception of D. rosea. There seems, however, no doubt about the
distinctness of these two. Although the color of occidentalis is so
varied that not much reliance can be placed upon it for taxonomie
purposes, yet since rosaceous is one shade that seems not to ocenr in
occidentalis, the color distinction is worth something. The most
positive differences between them so far as recognizeed are the absence
in rosca of internal vessels crossing the stigmata; the smaller number,
usually twelve, of stigmata in a half-series in occidentalis; rosca
having, according to Iferdman, from twenty to thirty; and the pres-
ence on the inner surface of the stomach wall of occidentalis of the
network of low but distinet ridges.

(‘olor—Examination of an abundance of colonies by the senior

author at Point Conception in January. 1903, some of shich were
nearly white while others were brick-red, led to the supposition that
the red color was an old-age mark. There was ample evidence of
degeneration in the red colonies, but not in the light ones. Bnut besides
the degenerated zooids in the red colonies, there were also many partly
grown ones, indicating that the colonies were undergoing degeneration
and regeneration simulttaneously. On the whole the zooids of the light-
colored colonies were considerably larger than those of the red ones,
though partly grown zooids were also present in the light eolonies.
The pigment of the red colonies was confined to the test. No larvae
were found in any of the animals at this time.

Embryogenesis—The escape of the larvae from the parents and
their behavior during their brief existence before hecoming attached
were observed by the senior author on July 24, 18396, The voung are
retained in the parent until the tadpoles are fully formed. They
emerge fromn the common cloacal orifice posterior end foremost. Their
exit is entirely passive, the egg membrane being still intact and the
larva’s tail closely folded around the body. Frequently the indi-
viduals are shot out with considerable force. So far as could be
ascertained by watching the escaping larvae, they are forced into the
common atrial chamber by museular contraction of the individual
parent zooids. and are then expelled to the outside by a contraction
of the common chamber. The exact nature of this second phase of the
expulsion is not clear and merits study, particularly as to the
mechanism by which it is accomplished.

Tmmediately upon reaching the outside world most of the larvae
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fall inertly to the bottom, though an occasional one escapes from the
egg membrane and swims with a wriggling motion immediately on
emerging from the parent. Although the larvae have a free swim-
ming period, this is very short. Tt lasts but a few hours at the most,
nor is the swimming exeeuted during the period sufficiently vigorous
and determinative to make it count for much if anything in the dis-
tribution of the species. In view of the very brief swimming period
in the larval life of this and of several other species of Ascidians, the
general question of the significanee of larvae in the group beeomes of
interest and suggests a systematic study of the point.

Bancroft (1899) describes some intervesting features of the repro-
ductive system of Distaplia occidentalis, from which we quote:

The most striking peeuliarity of the oviduect is that its diameter, even when
distended by the passage of the ovum, is very much less than the normal

diameter of the ripe egg. Accordingly, when the egg is passing through the
duet, it is greatly distorted, assuming the shape of a sausage.

With regard to the incubatory pouch he says:

A careful examination of the structure of the poueh shows that it is not
merely a diverticulum from the peribranchial sac, but consists of two parts
which, for descriptive purposes, may be called the oviduet and the peri-
brauchial portions, though I do not know that they have been developed from
the oviduet and peribranchial sac respectively. The oviducal part is a narrow
tube, the anterior end of which conuects with the oviduct, and the posterior
end with the bottom of the pouch, Anteriorly the peribranchial portion is a
narrow tube opening into the posterior dorsal corner of the right peribranchial
sac. Posteriorly, it is enlarged to form the pouch proper, in which the develop-
ing embryos are lodged. The ovidueal portion of the pouch is a continuation
of the oviduet into the pouel, and the egg never reaches the peribranchial sae
at all, but is conveyed directly to the bottom of the pouch. ... As the pouch
is completely separated from its zooid long before the larvae are mature, the
only function of this peribranchial orifice is to serve as a passage of the
spermatozoa.

Our observations, as reference to plate 45, ficure 64 will show,
confirm Baneroft’s acconnt of the incubatory pouch. but leave the
question as to the exaet method Dy which the eggs get into it un-
answered.

The two species of the old genus Distoma treated in this paper
belong to Caullery’s subgenus Eudistoma.

Eudistoma psammion, n. sp.
Pl. 44, figs. 52 and 53
Superficial characteristics of the colony.—Massive, though enerust-
ing; hard, largely because of mueh sand in deeper layers of fest;
thickness in thickest part about 2 ¢m.; not thin in any part; expanse
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several centimeters but extremely variable. Considerable sand ad-
hering to tougher surface layer but a stratum of test just beneath
freer from sand than other parts. Color varying from brown to brown
with a distinet tinge of claret. Zooids in systems with about eight
animals in a system; common cloacal orifices on smalt rounded eleva-
tions regularly distributed over snrface.

Zooids—Not thickly crowded and apparently at different levels in
the test, perhaps duc to shrinkage; consisting of thorax and abdowmen,
a slight constriction at base of branchial sac marking separation.
Abdomen containing intestinal loop, reproductive organs, and heart;
from two to four times as long as thorax (pl. 44, fig. 52). Length of
zooid from 4 to 5 em. in shrunken preserved condition. Musele bands
of mantle in two strong sheets (m.h. and m.b.”. pl. 44, fig. 52) on
right and left sides of body and extending its entive length; on hoth
stdes the Jongitudinal muscles stronger than the transverse ; the portion
of mantle free from musecle fibers often puckered between muscle
sheets.  The viseeral organs protrude, hernia fashion, throngh this
less resistant portion of mantle, especially when reprodunetive organs
are at their fullest development. Eetodermal processes (e.p., pl. 44,
fig. 52) borne at posterior ends of zooids, two or three times length
of body.

Branchial systemn—Siphons long and tubular, each 6-Jobed; the
atrial usually longer than the branchial, situated on dorsal side of
branchial sae, often some distance from its anterior end; remoteness
of the zooids from common eloacal orifice in the systems accounts for
fong ‘‘goose-neck’’ character of the atrial siphon (pl. 44, fig. 53).
Braunchial tentacles of different sizes, about thirty in number, scattered
over the surface of siphon instead of being in a civele. Branchial sae
with three series of stigmata and ten stigmata in a half-series. Endo-
style usually very convoluted, doubtless due to shrinkage. Dorsal
tanguets two. short and blunt.

Digestive systcin—Consisting of long loop oceupying entive length
of abdomen; plane of loop extending from right to left of zooid.
Emerging from greater part of posterior end of branchial sae is the
large, long esophagus whieh enters stomach (s., pl. 44, fig. 52) loeated
past the middle of abdomen. Stomach somewhat flattened from right
to left and straight to outline across posterior end; remaining outline
a regular curve, except for a depression located anteriorly into which
the esophagus enters.  Stomach wall smooth on outer surface, fairly
thick; granular on inner surface. Intestine proper differentiated into
three distinet parts: the fivst a little longer than the stomach, enters an
enlarged second portion of about the same length, having firm thick
walls, and entering the rectal limb of the loop by a narvow tubular
constrietion; third is the vectal hmb, the first portion of which is
enlarged and firm-walled for a distance equal to all the preceding
intestine ; anus at about level of posterior one-third of atrial chamber.
The two arms of the intestinal loop almost parallel throughont their
course (pl. 44, fig. 52).

Reproductive system—Ovary and testicular lobes on dorsal side
of intestinal loop and when fully developed, so voluminous as to make
zooid flask-shaped (7., pl. 44, fig. 52). Eggs develop in atrial eavitv
and become almost as large as branchial saec and produce a great
protuberance.
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Breeding season—June and July. Colonies collected in these
months had large eggs in the atrium while in colonies taken in January
the ovarian eggs were still small.

Habitat and distribution.—In the littoral zone, usnally on the
underside of rocks. According to our present information extending
from San Diego to Dillon’s Beach near the mouth of Tomales Bay.
The species has been taken on the rocks north of the Seripps Institu-
tion, La Jolla, though not in abundance.

Type locality—1Lia Jola, California.

Eudistoma diaphanes, n.sp.

Superficial characleristics of the colony.—Flat and enerusting,
soft, nsually even surfaced and regular in outline. Rarely exceeding
10 em. in greatest expanse, usually much smalter; seldom if ever more
than 1em., frequently only a few millimeters thick. Color varying
from white to pale vermillion; test transparent, containing a great
quantity of cellular material but no bladder cells or spicules; almost
entirely free from sand.

Zooiwds.—Uniformly distributed; not disposed in systems; incon-
spicuous by reason of small size and meagerness of pigment; placed
at varions angles to surface of colony. TLength about 3 mm.; less in
preserved condition. A distinet eapsule of test enveloping each zooid.
Mantle musculature similar to that of Fudistoma psammion. Eeto-
dermal processes present but not as long and mumerous as in F.
psammion.

Branchial system.—Siphous velatively shorter than those of E.
psammion, the two of about equal length; both opening on surface.
As far as could be made out, branchial sac very similar to that of
E. psammion. Branchial tentacles about twenty in number, of two
sizes, not all in same circle but scattered somewhat over surface of
siphon.

Digestive syslem.—Similar to that of psammion but violent con-
traction often obseures similarity.

Reproductive system.—Similar to that of psammion. Specimens
from La Jolla collected in July had large eggs in atrial cavity.

Habitat and distribulion.—On nnder side of rocks in littoral zone
from San Diego to San Franeisco, according to our present knowledge.

Type locality.—La Jolla, (‘alifornia.

These two species of Eudistoma are quite similar as far as the
zooids are coneerned; but the striking differences in the colonies, and
the fact that E. diaplhanes does not have systems, and hence its two
siphons are of about equal length is our basis for recognizing two
species.

The senior author has more or less carefully examined specimens
presumably of Eudistoma diaphanes from many points on the Cali-
fornia coast between Cape Mendoeino and San Diego.  Unquestionably
much variation occurs within the range, particularly in the size and
color of the colonies, and it is by no means impossible that more
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exhanstive collecting and more extensive comparative studies will find
that the animals living farther to the north are specifically distinet
from those of the south on which we are chiefly relying for the estab-
lishment of the present species. In connection with the description
of Distoma lobata from Puget Sound, Ritter (1900) remarks upon the
similarity of lobata to a Distoma ‘‘widely distributed on the Cali-
fornia coast.”” The species occupying us is one of the gronp of
(alifornians to which reference was made in this quotation.

These two Eudistomas fnrnish a good case of coincident distribu-
tion of two closely related species. That they are very much alike as
far as the zooids are econcerned is obvious; and so far as we know
there is nothing at all differential in their habitats. Ilowever, we
would not be too positive on this latter point. Wider and more
detailed knowledge of the range of both may bring to light habit
differences which we do not now recognize.

If Ritter (1900) is right in supposing the zooids of D. lobata to
possess five instead of three series of stigmata, the two closely allied
(‘alifornia species now before us seem to be considerably less similar
to the Puget Sound species than to K. plumbium Della Valle, a
Mediterranean species. E. diaphanes in particnlar has much in com-
mon with the European species; but diaphanes differs from plumbiwim
according to our present knowledge, in the larger number of branchial
tentacles, in the relatively longer esophagus, and probably in the
sharp division of the post-gastric intestine into sections.

Didemnum carnulentum, n. sp.
Pl 39, fig. 11; pl. 44, figs. 57 to 59

Superficial characteristics of the colony.—Thin and enerusting and
of considerable expanse, often half a foot or more; thickness 4 mm.
or less. Color typically the pink of the human skin bnt varying to
opaque white. Position of the zooids indieated by small spots eaused
by acenmulation of spicules; these spots often appearing in donble
rows which surround istands of gelatinous-appearing semitransparent
test and giving surface a reticulated appearance (pl. 39, fig. 11).
Spienles varying in diameter from .19 to .075mm.. their blunt rays
springing from a spherical nuelens (pl. 44, fig. 59) ; confined mainly
to uppermost stratum of colony. Bladder cells, usually polygonal
from mutual pressure but free from spicules, make up lower layer of
test. Branehial sacs of zaoids embedded in upper spicnle-bearing
stratnm, their abdomens extending abont halfway down into bladder-
cell stratim. Upper stratum of test having spaces in it which seem
to serve for communication with the common cloacal orifices, zooids
not bheing arranged with any reference to these openings. Cloacal
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orifiees comparatively few in number and large; branchial orifices
small openings in center of spots caused by closely set spicules.

Zooids (pl. 44, fig. 57).—Fromn 1 to 2 mm. long, depending upon
thickness of colony; made up of thorax and abdomen. Mantle with
no musele fibers visible. Color orange.

Branchial system.—Branchial siphon with six distinet, usnally
pointed lobes, loeated in middle and anterior part of branchial sac.
Atrial siphon a plain round opening on dorsal side opposite middle
of sac. Branchial sae with four series of stigmata, each having about
six in a half-series; stigmata elliptical. Endostyle proportionately
very broad. Dorsal languets three. DBranchial tentacles eight, very
small.  Two strong muscle bands trom dorsal part of branchial sac
continue to near the recto-esophageal eollar where they terminate in
a free process (m.b., pl. 44, fig. 57).

Digestive system—An elongated loop with arms closely applied
but open at bend. Esophagus (c., pl. 44 fig. 57) proportionately large,
emerging from middle posterior part of branchial sac; often as much
as three times the length of sac. About two-thirds of its length from
sae, esophagus bound to rvectum by a band (e, pl. 44 fig. 57).
Stomach (s., pl. 44, fig. 57) almost globular with smooth surfaee; its
long axis slightly inelined to that of zooid. First part of intestine,
about equal in length to stomach, connected by a portion equally long
but of smaller diameter with rectal arm of loop ; anus very near atrial
opening.

Reproductive system.—Large undivided testis sitnated on left side
of intestinal loop ; on its rounded mound-like surface is the coiled vas
deferens (v.d., pl. 44, fig. 57), coil having six turns. Ovary, usually
eontaining one large ege and several very small ones, located between
stomach and testis (pl. 44, fie. 57); ripe eggs almost as large as
braunchial sac. No oviduet appears to be present and how eggs arve
diseharged is not definitely known. Large tadpoles found in the test
of some colonies. Budding the same type as that which will be
described below for T'rididemnum della vallei.

Breeding scason.—olonies containing many tadpoles in June, but
few or none in January and February.

Habitat and distribution.—In littoral zone but never at limit of
high tide: usnally on under sides of rocks. Abundant at La Jolla and
on all rocky beaches of the San Diego region.  Although this species
has not been found at auy other point, in all probability this is due
to insufficient collecting.

Type locality—La Jolla, Califoriia.

The specific name refers to the prevailing flesh color of the living
colonies.

Didemnum carnulentum var. lacteolum
Pl 10, fig. 23; pl 44, fig. 60
Superficial characteristics of the colony—Enerusting. and very
thin, never of the great extent of Didemnum carnulentiwm; 1 mm. and

less in thickness. Color pure white, due to numerous calcareous
spieules varying in size from .15 to .065 mm. (pl. 44, fig. 60) ; spicules
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very numerous in lowermost stratum of colony, zooids extending into
both upper and lower Hy strata. Bladder cells not eonspienous but
present around closely packed zooids. Zooids very similar to those of
Didewon carnulentum but smaller.  The atrial orifice proportion-
ately mueh larger, often over half the length of branchial sac. Testis
almost spherieal when fully ripe and half as large as sac. Coil of
vas deferens eontains seven turns. Ripe ova gigantie, even larger pro-
portionately than in carnulentum. Budding similar to that of Tridi-
deminum della vallei. Breeding season in June.

Habitat and distribution.—On under sides of roeks in the littoral
zone and in the holdfasts of kelp, hence from depths of a few fathoms.
Common at La Jolla and in the San Diego region.

The variety or sub-species heve recognized differs from the typieal
species in eolor chiefly, it being opaque white. We do not, however,
depend on this difference exclusively for recognizing a group that
deserves a separate name. The other differenees that seem signifieant
are in the charvacter of the atrial orifice, this being considerably larger
in lacteolum; and in the spieules, these being blunter in lacteolum.
Possibly significant. too, is the fact that what we are regarding as a
variety lives typically in the great masses of kelp holdfasts, at a
depth. consequently. of several fathoms,

The species and variety of Didemanwm here described have mueh in
common with several previously described species; but of their dis-
tinetness from all those that have been treated with sufficient detail
to enable us to judge, there seems little doubt.

It appears almost incredible that the one hundred species, more or
less, of Didemnum now recognized, ean all be really distinet. Yet
we cannot assume that speetmens from a geographical region as remote
as ours from other regions which have furnished the known species,
are the same as any that have been named but not deseribed with
sufficient definiteness to enable us to make sure of the identity of ours
with these. There seems no conrse open, therefor, but to add still
another to the list of supposed species.

A thorongh revision of this group of ascidians based on ample
material of all recognized species is much to be desired.

The milk-whiteness of the colonies suggested the name..

Trididemnum della vallei, n. sp.
Pl 44, figs. 54 to 56

Superficial characteristics of the colony—FEnerusting on the under
surfaces of roeks, eolonies being half a foot or more in expanse in some
cases; thickness from 1 to 2mm. Color gray with tinge of vellow.
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C'ommon eloaecal orifices large and comparatively few, seattered among
the numerous zooids. Test immediately around cloacal openings free
from spienles. Spicules of usual Didemnwn type but differing from
those of D. carnulcuntum in that the rays are distinetly longer and
relatively slenderer (pl. 44, fig. 56) ; size from .2 mm. to .08 mn,
confined mainly to surface layer of test, but sparingly present through-
out. Usually in preserved specimens branchial orifices marked hy
white spots due to accumulation of spicules; these spots uniformly
and thickly seattered over surface of colony without definite arrange-
ment with reference to the cloacae. In expanded condition six branch-
ial lobes showing as clear oval spots in middle of each lobe near its
base. No bladder cells observed in test.

Zooids (pl. 44, fig. 54) —Length 1 mm. or less: divided into thorax
and abdomen, the two being equal in size:; esophagus and rectum
girdled by a constrieting hand about midway the length of zooid (pl.
44, fig. 54); placed at all angles to surface of colony. Ectodermal
processes, (c.p. pl. +4, fig. 54) given off from mantle near stomach, ex-
tending for varying distanees into test, ending in pigmented swellings.
Mantle very thin and delicate. a few weak, longitudinal and hor-
izontal fibers being visible over branchial sae.

Branchial system.—Branchial siphon with six distinet lobes; atrial
orifice plain, at the end of a tubular siphon which protrudes from
middle of dorsal side; its sphineter musele strong and distinet.  Three
series of stigmata, about ten orvifices in first series. eight in second. and
seven in third; considerable area of unperforated branchial membrane
at both ends of sac. Endostyle straight and proportionately very
broad. Two dorsal languets placed at intervals between stigmatic
series. Two nmscle bands in branchial sae. one on each side of mid-
dorsal line, conrse ventralward toward posterior end of sae and, meet-
ing each other behind sae between esophagus and endostyle, are car-
ried out into a blunt process with an epithelial covering, this process
penetrating into the test (n.b., pl. 44, fig. 54). Endostyle often arched
at both ends in preserved specimens, due to contraction of these nius-
cles. Branchial tentacles equal in length, variable in number, twenty
being found in one zooid; about sixteen the usual nmumber (pl. 4,
fig. 55).

Digestive system.—A loop in which the esophageal and reetal mbs
are closely applied. loop being wide and nearly ecircular. Recto-
esophageal collar atmost midway the length of the esophagus. Stomach
almost globular, smooth-walled. First part of intestine, a little shorter
than stomach, tapering from large pyloric opening: connected by a
piece of abount equal length but of much smaller diameter to rectal
arm of loop; this latter of greater diameter than middle piece; anus
opposite atrial orifice (pl. +4, fig. 54).

Reproductive system.—Single conical mound-shaped testis sitnated
on bend of intestinal loop on left side; coil of vas deferens containing
six turns. The ovary, apparently consisting of single egg when ripe
as large as branchial sac; but in reality a small number of minute ova
always present. No oviduet found and the mode of escape of egas
not known; the relatively enormous eggs (fully half the size of full-
grown zooids) after escape from ovary, scattered through test at
rather vegular intervals in layer immediately in contact with the sub-
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stratum. Budding abundant in some colonies. (See section on this
subject at end of deseription.)

Period of egg-production.—January.

Period of budding.—July.

Habitat and distribution.—Under sides of roeks in the littoral zone
at La Jolla and in the San Diego region; Dredging Station IT off San
Pedro, depth six meters.

Type locality—La Jolla, California.

This speeies seems to vesemble Trididemium (Didemnum) strangu-
latwm Ritt. as closely as any other but is well separated from it by
the shorter stigmata, unlobed atrial orifice, and presence of the mus-
eular process at the posterior end of the branchial sac.

We are glad to name this speeies, a study of the budding of which
has received eonsiderable of our attention. after Professor Della Valle,
whose work on budding in this group is distinguished.

The budding is very similar in this species to that deseribed later
on in detail for Diplosoma pizoni. As seen in plate 44, figure 54, the
budded intestinal loop grows out just beneath the reeto-esophageal
collar from two sources. the mother esophagus and the mother rectum.
Likewise the budded thorax is connected to the same two sources of the
mother zooid posterior to the budded testinal loop. The supposition
that a division takes place so as to give the mother thorax the newly
budded intestinal loop and the budded thorax the old intestinal loop
is supported by the faect that many zooids were seen with large
thoraces and small intestinal loops and vice versa.

Diplosoma pizoni, n. sp.
Pl 43, figs. 50 and 51; pl. 45, figs. 66 to 6S

Superficial charactcristics of the eolony.—Exeeptionally soft, en-
erusting. several centimeters in expanse: thickness about 3 mm. Color
of preserved specimen mottled light and dark gray; closely set zooids
easily seen through transparent test. Common eloacal orifices few in
number, large and chimney-shaped. Each zooid surrounded by thin
layer of test and joined to lower surfaee of colony by a strand of
about the same length as zooid. The test eonsisting of upper and lower
thin layers, and strands surrounding zooids joining these layers, con-
taining great spaces between and among zooids; many small eolor-
less cells and fewer but much larger round pigmented cells: but no
bladder cells.

Zooids—About 1.5 mm. long, consisting of thorax and abdomen.
Mantle containing mueh dark pigment espeeially over stomach and
intestine, the epithelial layer here consisting of large, flat. polygonal
cells with small, round, c¢lear nuelei nsnally near one end of darkly
pigmented eell body (pl. 43, figs. 50, 51) ; adheres closely to surround-
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ing test. Muscle fibers in transverse vessels and two strong bands on
each side of dorsal lamina coalescing at posterior end of branchial
sac into a band that continunes posteriorly throngh test strand nearly
to lower surface of colony. A few ectodermal vessels with enlarged
extremities present on ventral side of zooid in angle between sae and
intestine (e.p., pl. 43, fig. 50).

Branchial systenm.—Brauchial siphon plainly 6-lobed ; atrial orifice
a great opening nsually longer than half the branchial sac and ex-
tending at least haifway aeross sides of sac. DBranchial sac with four
rows of stigmata, ecach containing seven or eight large stigmata in a
half-series. Three tentacle-like dorsal langnets. Dranchial tentacles
sixteen, of three sizes, and symmetrically arranged so that the four
largest alternate with the fonr or second size and finally the eight
smallest alternate with the eight larger ones.

Digestive system.—Intestinal loop twisted and turned np at a
right angle to long axis of zooid so that reproductive organs, helonging
typically to right side, become located at posterior end of zooid. Short -
esophagus given off from posterior dorsal part of branchial sae;
stomach globular, smooth-walled : portion of intestine immediately fol-
lowing stomaeh and abont equaling it in length connected by a picee
of less diameter to a rigid bnlbous portion at beginning of reetal arm
rectumn obligne ; anus sitnated less than half the distance np branchial
sac. Pylorie gland (p.gl., pl. 45, fig. 68) and its bulbiferons duct
well-developed.

Reproductive system —Situated on right side of intestinal loop,
but bend of intestine brings gonad to posterior of zooid. Testis
conical, two-lobed, the vas deferens emerging from between the lobes.
Ovary nsnally containing one large egg and a few small ones (0., pl.
43, fig. 50). Ripe discharged eggs and embryos scattered thickly on
lower layer of test, the cggs apparently making their way down
through the strand of test to reach this position ; eggs observed at dif-
ferent levels in these strands seeming to support this theory (or., pl.
44, fig. 50). Tadpoles probably break through test and escape into
common atrial cavity and pass out through common atrial openings.

Habitat and distribution—Known only from San Diego Bay where
but a single colony has yet been taken. this having been found on piles.

D. pizoni is undonbtedly very elose of kin to D. listcri. bnt there
is hardly a doubt about their specific distinetness. Listeri has bladder
cells in the tests; pizoni has not. Lisferi has ten stigmata in a half-
series, while pizoni usually has seven and scems never to have more
than eight. The stomach of pizeni is more spherical than that of
listeri, it being figured as heart-shaped in the Enropean species.

Aserval reproduction in D. pizoni—The larva of this specles pre-
sents the same aspeets as those pictured and deseribed by Salensky and
Canllery for Diplosoma listeri.  In the diplosomic larva the zooid
and blastozooid are distinguishable here as there, the former being
characterized by its vascular appendages and pigmented larval sense



476 University of California Publications in Zoology — [Vor.16

organ. The opinion of Caullery (1895) and Pizon (1905) is that the
double larva is due to precocious budding; and this view seems
unescapable from ounr observations. Pizon (1903) has so fully de-
seribed all stages in the budding of Diplosoma listeri, from which the
course of things in our species varies but little, that the barest outline
is all we have thought necessary to give.

Various stages of bud development in the colony were observed
in this species. Examining plate 45, figure 66, one sees that the new
intestine (b.i.) arises from two sources. The new esophagus comes
from the mother esoplhagus and the new rectum is joined to the
mother rectum.  According to Pizon, who watched growing colonies
in all stages of development, a bud from the mother esophagus pro-
duces a new esophagus, stomach, and intestine, and these curl around
to meet and join a little rectal bud from the mother rectum. The
budded branchial sae and rectum (b.5.) likewise arise from two
sources. The budded esophagus is joined to the mother esophagus
and the new rectum is joined to the mother rectum. According to
Pizon, the branchial sae is formed from the epicardinm and its accom-
panying rectum grows from a bud on the mother rectum up into place
alongside the new sae. Plate 45, figure 67 shows at d. i. the degenerat-
ing piece of intestine the disappearance of which severs the intestine
of the budded zootd (b.b.) from the intestine of the mother zooid
(m.s.). After the break there are two zooids in one of which the
original mother branchial sae (m.s.) has the newly budded intestinal
loop and the newly budded branchial sac (b.h.) has the old original
intestinal loop (m.i.).

Diplosomoides caulleryi, n.sp.
Pl 40, fig. 21

Superficial characteristics of the colony—Thin, enerusting, and
comparatively firm; thickness about 2mm.: expanse several centi-
meters. Color of preserved specimens dark gray sprinkled with white
calearcous spicules. Zooids nmmerous, each branchial orifice 6-lobed.
light colored, cirenlar. Common atrial orifices few, large, rounded or
elongated, flush with surface; test immediately aronnd them free
from spicnles.  Spicules fairly numerous and evenly scattered in
surface of test. Little test immediately around branchial sacs. this
stratnin of colony being cavernous; lower stratum, eontaining abdo-
meus of zooids and large eggs, more continuous and solid. Spicules
sparingly seaftered throughout test between bounding layers: sonie-
what resembling the large round test cells to which they are about
equal in size.
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Zooids.—Length about 1.5 mm., consisting of thorax and abdomen
(pL. 40, fig. 21) ; long axis of abdominal loop usually continuons with
that of thorax, though often flexed laterally; mantle adhering very
closely to test. A few ectodermal vessels (e.p., pl. 40, fig. 21) with
club-shaped extremities present just anterior to stomach and toward
ventral side of zooid, always in close proximity and just ventral to
budded branchial sac.

Branchial system.—DBranchial orifice with six small pointed lobes.
Atrial orifice a great opening extending almost the length of sac and
reaching halfway across sides; atrial languet present, large and scoop-
shaped. Branchial sac with four series of stigmata each containing
eight stigmata in a half-series; dorsal languets three. very slender.
Branchial tentacles very slender, about sixteen, of different sizes, not
arranged in any regular order.

Digestive systeim—Esophagus emerging from eentral portion of
posterior end of branchial sae, about one and one half times as long
as stomach. curved. Stomach smooth-walled, globular-elliptical. In-
testine consisting of a piece immediately following stomach, large in
diameter and about equalling stomach in length; then a shorter con-
necting piece of smaller diameter, situated at lowest part of loop;
next a large, smooth-walled, hulbons portion; finally the rectal arm
of about same diameter as esophagus, lying about parallel with
stomach and esophagns. The smooth-edged anus situated just opposite
middle of posterior series of stigmata.

Reproductive system.—Testis (t., fig. 21) double, the two parts
forming rounded protuberances on right side of intestinal loop; vas
deferens arising between lobes and running along side infestine.
vas deferens arising hetween lohes and running alongside intestine.
Ovary an elongated sac hetween stomach and vectum; the small ovarian
eggs arranged m a row. It would seem that the ovarian sac allows
cags to escape by rupture since in some colonies large eges studded
the lowermost layer and apparently had no connection with zooids.

Budding.—Intestinal and similar to that described for Diplosoma
pizoni. TIn this species esophagus of budded sac joins mother zooid
very close to junction of mother esophagus and stomach.

Habitat and distribution—Known only from upper part of San
Diego Bay, near National ('ity.

The combination of characters in this species makes difficult its
inclusion in any of the numerous genera that have been created for
ascidians of the Didenunon type. In fact, as the family Didemnidae
has been defined by some authors, e.g., von Drasche (1883) and Van
Name (1910), it would be excluded from the family by its possession
of a straight vas deferens according to both these authors, and by its
atrial languet according to Van Name. We, however, agrec with
Iartmeyer (1909) that the definition of the family ought to be suffi-
ciently elastic to admit this species. It seems to us that in the general
character of the colony, especially i its being hardened by the pos-
session of calcareons spicules and still more in the type of budding
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its closer affinity to the Didemnidae through Z'rididemnum than to the
Polyeitoridae through Distaplia is undoubted. THaving decided that
it belongs to the Didemnidae, the question as to what genus of that
family it shonld be assigned remains to be dectded. Aceepting the
genera of the family recognized by Hartmeyer (1909) only two of
the nine of these, Didemnum and Polysyncraton, are regularly ehar-
aeterized by the possession of an atrial languet, and in both of these
the testis is single-lobed and the vas deferens is coiled ; so it does not
seem possible to regard our speeies as belonging to either of these
genera.  All things eonsidered, we conclude that the species ean be
placed in Diplosomoides Herdman with less violence than in any other
recognized generie group. In all respeets other than that of its atrial
languet, caulleryl conforms very well to the characterization of this
group; and we think Hartmeyer (1903) justified in redefining Diplo-
somoides as as to include speecies which, like his D. dubium, possess an
atrial languet. The languet of dubium is much shorter than that of
D. canlleryr, and the difference between the two may be taken, as we
have eontended in discussing the strueture in Amaroucivm, as indi-
cating its modernness and, perhaps for this reason, undependableness
for the eharacterization of genera.

We take pleasure in naming this especially interesting species after
Professor Caunllery, whose observations on the reproduction of various
species of the Didemnidae has contributed so much to onr knowledge
of the remarkable phenomena here presented.

Glossophorum planum, n. sp.
PL 39, fig. 13; pl. 46, fig. 71

Nuperficial characteristics of the colony.—Larger colonies pumpkin-
seed shaped, smaller ones spherieal, all having short, thick, eylindrieal
penducles; outline regular, surface smooth, free from sand or other
foreign substances; systems distinet and regular, zooids plainly seen
through test; eommon cloacal orifices open and very distinet even in
preserved specimens (pl. 46, fig. 71).  Color grayish brown, much the
same in living and preserved speeimens.  Length of about maximum-
sized colony 10 em., width 5 em., thickness 1.5 em. The test consist-
ing chiefly of a well-defined eentral core into which zooids do not
extend; small in quantity among zooids: matrix semieartilaginous and
transparent. but containing a great number of very small pigmented
cells which impart fo it a somewhat dirty tinge; portions among
zooids containing seattered, rather small bladder cells; eentral core
thickly penetrated by thin-walled transparent stolons to which zooids
are always attached.
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Zooids.—Numerous, istinctly seen through test, arranged in very
regnlar systems, on an average about a dozen individuals in a system,
occasionally as many as twenty, in a system. The three regions of
body, thorax, abdomen, and postabdomen, distinetly set off from one
another, making it difficult to extract zooids entire; never mueh con-
tracted; little pigment matter in tissne; musenlature very feehle;
mantle thin and transparent: entire structure easily made out by
examining animals in sifu in slices of colony. Length of zooids abont
4.5 mm.; length of branchial sac about 3 mm.: postabdomen slightly
longer than abdonmen : musenlature very weak., Abount sixteen delicate
longitudinal musele bundles extending from branchial siphon back-
ward to terminate about midway the length of branchial sac: a few
delicate encireling fibers in branchial siphon; stronger fibers constitut-
ing a sphincter muscle around atrial orifice,

Branehial system.—DBranchial orifices easily seen on surface of
colony ; each with six broad scallops when fully expanded, but beeom-
ing pointed lobes upon contraction. Atrial orifice overarched by a
long broad languet often truncated but sometimes with three delicate
terminal Jobes: size and shape of languet depending npon age of
zoold and its position in system. Tentacles eighteen to twenty-six. of
three lengths, the six longest nearly as long as the half-diameter of
cirele in which they are situated. Number of series of stigmata from
thirteen to seventeen ; about thirteen or fonrteen very regular stigmata
in each half-series; number of series as well as number of stigmata
inereasing with age of zooid: a small muscle band in each inter-
stigmatie vessel; papillae on interstigmatic vessels regular in size and
arrangement, there being one for the interval between every two
stigmata. Dorsal langunets very regular, one for each interstigmatie
vessel.  Endostyle narrow and straight.  Atrium exceptionally large
and well-defined. -

Digestive system (pl. 46, fig. 71).—Small in proportion to size of
branchial sac; lateral flexnre of intestinal loop pronounced. the antero-
posterior axis of stomach being brought nearly to a right angle with
the long axis of branchial sac. Esophagns emerges from dorsal pos-
terior angle of branchial sac¢ and bends abruptly ventrally to a right
angle to enter the smooth-walled stomach which is slightly asyvimet-
rical and a little longer than broad. TIntestine usually divided into
three portions; first. the part immediately behind stomach which is a
little longer than stomach and has a bulge abont midway of its length ;
next, a connecting piece that lies on left side and enters enlarged
rectal limb by a very small, short, eylindrical tubule; and third, the
long rectal piece having two blunt eacca on each side of proximal end.
Rectum runs first parvallel with stomach, then passes to left of eso-
phagus and ends in a constricted anus a little less than half way wp
branchial sac.

DPostabdomen elongated. pear-shaped, connected with abdomen by
a narrow peduncle near intestinal loop: eontaining but little mes-
enchymatous tissue, and a large and distinet heart (., pl. 46, fig. 71)
sitnated in its posterior end.

Reproductive system (0. and f.. fig. 71).—Not voluminons, situated
in postabdomen about midway of its length, compact, the testicular
lobes (t.) and ovary (0.) closely intermixed; vas deferens (i.d.) con-
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spieuous, passing around left side of intestinal loop to right side and
following reetum to end near the anus; its last portion swollen when
filed with sperm. Tadpoles develop in atrium.

Habitat and distribution—Species widely distributed on Cali-
fornia coast, it having been found at almost every point where
ascidian collecting has been done, from Mendoeino to San Diego. Tt
is confined to roeky localities, but not to the littoral zone, judging
from the frequeney with which it is washed ashore. To what depths
it extends is not known as it has never been taken by dredge or trawl.

At San Diego it oceurs on the United States Govermment break-
water at the entrance of the bay; also on the breakwater at (‘oronado.
In these loealities it is not confined to the under surfaces of rocks,
but grows on their tops and sides.

Type locality—San Diego, California.

This species is undoubtedly elosely related to Glossophorum humile
Lahille; but the following differences seem fully to establish the
specifie independence of the two: (. humile, according to Lahille, is
entively covered with fine sand, while our speeies is pecnliarly free
from sand. The colony of (. hwmile is relatively thinner than that
of (. planwm and no mention is made by Lahille of a pedunele of
G. humile. The atrial languet is pointed in G. hwmnile while it is
usually broadly truncate in (7. plamwm. There are about twenty stig-
mata in a half-series in (/. huwmile while fourteen is the highest number
found in G. planwn.  Aceording to Lahille and Herdman, G. hwile
possesses sixteen tentacles; never less than eighteen have been found
for ¢. planumn.

Perhaps no species of eompound ascidian in our fauna is so well
adapted for laboratory demonstration as is this, and sinee it is fairly
abundant and obtainable with little diffieulty, it should be usefnl in
this way.

Macroclinum par-fustis, n. sp.
PL 38, fig. 3; pl. 45, fig. 63

Nuperficial charactevistics of the colony.—Sand-encrusted. consist-
ing of a few or numerous club-shaped masses each having a peduncle
usually about twice as long as the more or less rounded head ; masses
connected together in colony by a stolonic basal network (pl. 38, fig.
3). Length various, the largest colony investigated 6 em. long, with
head 2 em. long and 1.5 em. thick. On smaller heads one eommon
cloacal ovifiee present in center of anterior portion; on larger heads
several such orifices oeeur, each surrounded by about twelve zooids.
Branchial orifices indieated by slight, sand-eovered clevations in pre-
served speeimens.  Test gelatinous and transparent, containing many
siall test cells scattered throughout its substance. Surfaee layer
tougher and nsnally thickly embedded with sand grains.
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Zooids—Consisting of thorax, abdomen, and postabdomen ; thorax
a little longer than abdomen; total length about 1em.; long post-
abdomen terminating in an elongated granular mass, probably stored-
up nutrient material.  Mantle very fhin with numerons delicate
longitudinal musele bands extending entire length of animal; eircular
fibers in branchial siphon and a few irregular ones in mantle over
upper part of branchial sac.

Branchial systemn.—Branchial orifice with six blunt lobes; atrial
with flat truncated languet ending in three lobes (pl. 45, fig. 63).
Branehial tentaeles about thirty, of three sizes. DBranclhial sace with
sixteen series of stigmata, from twenty-five to thirty stigmata in a halt-
series: a small space near the endostyle free from stigmata; stigmata
next to endostyle smaller than others of a series. Endostyle straight
and narrow. Dorsal languets with flattened bases which run into
transverse vessels upon which they ave sitnated, about as long as
stigmata in anterior part of the sae, becoming a little longer and
heavier toward posterior end of series.

Digestive apparatus.—Esophagus emerging from middle of pos-
terior end of branchial sac, about equal to stomach in length. Stomach
roughly eylindrical, a little longer than wide, with a seam on left
surfaee; wall granular on its inner snrface. but not folded. Intestine
extends posteriorly from stomach for a distance about equal to length
of stomach, then makes a loop aud after ruuning parallel to stomach
crosses esophagus on left side and ends in a bilobed anus less than
halfway up atrial ehamber. In base of loop intestine narrows abrnptly
to enter rectal arm between two blunt caeea (e., pl. 45, fig. 63).

Reproductive systew.—CGonad a pyriform elongated mass just
belind intestinal loop, the numerous testicnlar lobes composing the
great bulk of it: usually ane well developed egg and several much
smaller ones, yvellow in preserved specimens, situated in anterior of
gonad, surrounded by testis lobes.

Habitat and distribution—M. par-fustis is known from rocky
shores at La Jolla, Santa Moniea. and Paeifie Grove; and from Drede-
ing Station LIN, off San Pedro, in twenty-eight meters water.

Type locality—La Jolla.

The name is derived from Latin fustis, a eudgel. The systematie
position of this and the next species. M. pellucidumn. is by no means
clear. M. par-fustis might be placed in the genus Pasammaplidinm,
its resemblance to P. retiforme Ierdm.. one of the speeies of this
genus with a smooth-walled stomach, being close. 1lowever, on the
hasis of the single character. the sandiness of the test distinctive of
Psammaplidivm, it wonld be necessary to assign par-fustis and pel-
lucidum to different genera, a eourse whieh in our jndgment would
be unjustifiable in view of the very elose resemblance of the two so
far as the zooids are concerned.

All things eonsidered. we conelude that Macroclinwm Verr. as
redefined by Hartmeyer (1903) is the generic group with whieh our
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species is most akin.  According to this revised definition, the only
difficulty in the way of this disposition of the species is the break-
ing-up of the colony of both par-fustis and pellucidum into ehib-
shaped masses. In view, however, of what oceurs in the various other
allied genera, this difficulty can hardly be regarded as serious. What
may be of more importance as tonching the integrity of Macroclinum
is the discovery by Van Name (1910) that the inner surface of the
stomach of M. pomum (Sar), whieh should be the type species of the
genus, is areolated. This fact raises the question of whether further
study may not make it advisable to retain the genus Aplidiopsis
Lah., which ITartmeyer has assumed to he synonymous with Macro-
clinum, for the smooth-stomached species. Should this turn out to
be so. par-fustis and pellucidum would be transferred to A plidiopsis.
for there is no trace of areolation in the stomachs here,

Macroclinum pellucidum, n. sp.
Pl 39, fig. 9; pl. 45, fig. 62

Nuperficial chavacteristics of the colony—Pyriform with pedunele
as long as and often longer than globular portion; entire length about
1.5 em.  Anterior surface somewhat flattened with one large, centrally
located, common atrial orifice; around this usnally three to six
branchial orifices; branchial orifices 6-lobed; common atrial orifice
indistinetly 12-lobed.  Colony c¢olorless and transparent, making
zooids distinetly visible through test; test tough on onter surface and
only thin partitions between zooids within (pl. 39, fig. 9).

Zooids—Occupying greater part of globular portion of colony,
though unusually contracted in preserved specimens. Branchial sacs
often broken loose at orifice and forced out through opening by
shrinkage of colony. Thorax, abdomen, and postabdomen each about
3mm. Jong. Mantle with about twelve wide, longitndinal muscle bands
on a side, these separated by spaces several times wider than bands;
bands running together just below branchial sac; lodged in a depres-
sion on ventral side of zooid between arms of intestinal loop, and con-
tinuing posteriorly into peduncle. where they disappear in a large
fobe of granular material, probably accumulated food (wi.b., fon.,
pl. 45, fig. 62).

Branchial system—DBranchial siphon indistinetly 6-lobed; atrial
with flat, trnneated languet having usually three or four lobes.
Branchial sac with eleven series of long, narrow stigmata, about
twenty in half-series; most posterior series having longer stigmata
than others; stigmata of last series gradually shorter toward endo-
style: in vounger zooids mmnber of series less than eleven, stigmata
at the ends of a half-series small, oval, gradually hecoming longer
toward middle of series. Dorsal languets long and flat, with broad
flat bases which merge into membrane of transverse vessels upon which
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they are situated; as long as the stigmata in anterior part of sac. and
increasing in length toward posterior end. Endostyle much con-
voluted, doubtless due to shrinkage. About twenty closely sct,
branchial tentacles of three sizes.

Digestive system.—Esophagns emerges from dorsal posterior part
of branchial sac and makes a short eurve to enter large, globular,
smooth-walled stomach. Stomach with long axis almost horizontal,
asymmetrical by entrance of esophagus on median line of under side.
Plane of itestinal loop placed nearly at a right angle to sagittal
plane of zooid ; anns about halfway up branehial sae (pl. 45, fig. 62).

Reproductive system.—Ovary and testis closely associated ; mostly
on dorsal side of intestinal loop when immature, but extending behind
it in maturity. Testicular lobes munerous and snrrounding the com-
paratively few eggs located in anterior part of gonad. Tadpoles fonnd
in atrial cavity in July.

Habitat and distribution—Known only from La Jolla. where it
ocenrs on roeky shores between tides. Only one lot of specimens has
so far been found. The almost glass-like transparency of test of
animal in life has suggested the speeific name.  For remarks on the
systematic position of this and the preceding speeies, see nnder M.
par-fustis.

Amaroucium californicum, . sp.
Pl 46, fig. 72
This species has been referred to several times in papers by the
senior anthor as a MS. species hy Ritter; but in the absence of a
diagnosis or a figure hitherto published, from now on it shonld be
assigned to Ritter and Forsyth.

Superfieial characteristics of the colony—Exceedingly irregular,
usnally encrusting, variable in the thickness even in same eolony;
frequently lobulated, in some cases pedunculated.  Very variable in
size, often reaching an expanse of from 10 to 20 em.; thickness varying
from .5 to 2 or 3em.. even in same ecolony. Never enecrusted with
sand, but sand sometimes scattered through deeper portions. Color
various, from opalescent white to reddish brown.

Zooids—Usnally very numerous; frequently, though by no means
invariably, distinetly visible through test. both in living and preserved
colonies,  Systems sometimes present, distinet; sometimes absent, the
same colony at times showing both eonditions. In an encrusting
colony from San Diego jetty, the systems very plainly oval when
700ids were few in number but became elomgated as number of zooids
increased. These zooids were orange-colored especially anteriorly;
buried in the clear, colorless, transparent test, systems separated on
the surface by whitish, almost opaque, elevated ridges. In another
colony devoid of systems, the individuals were light brown, set in the
still lighter, opalescent, gelatinous test. Still another colony was
opalescent white, individual zooids opaque white. Rarely large, not
often exceeding 6 mm. in length, nsnally shorter, only a few zooids
observed whose long. slender postabdomens brought them near to 1 em.
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in length; consisting of thorax, abdomen, and postabdomen, marked
off from each other by slight constrietions; thorax and abdomen
usually about same length. Musculature eonsisting of about fifteen
longitndinal muscle bands on a side. extending into postabdomen where
they are closer together and stronger: usually considerable pigment
in mantle.

Branchial system.—Branehial orifice with six well-developed lobes ;
atrial without lobes. but having a long., tapering. pointed languet.
Branchial sae with eight to fourteen series of stizmata. ten seemingly
most common; about twelve stigmata in a half-series. Endostyle
narrow and straight. Dorsal languets, one to each transverse vessel,
placed to left of a elear strip of sae free from stigmata: about as long
as stigmata and gradually inereasing in length toward posterior end
of series. Branchial tentaeles short, blunt, about ten. somewhat
irregularly scattered.

Digestive system.—Plane of intestinal loop transverse to median
plane of zooid; esophagus large and almost twice the length of
stomach ; stomach eylindrical. about as wide as long, with longitudinal
folds each presenting a loop turned toward anterior end of stomach;
folds sometimes branehing or discontinuous. making the number
variable for different colonies, twenty-two and fourteen being the
average for a large number of zooids. Intestine divided into three
divisions ; anus not quite halfway up branchial sae.

Postabdomen and reproductive system—\Naryving greatly in length.
short in yvoung zooids. Testicular lobes (f., pl. 46, fig. 72) in two rows,
right and left. Ovary situated a short distanee behind intestinal loop
just anterior to testieular lobes, much less voluminouns than the latter.
Larvae retained in atrial ehamber till a late stage of development.

Breeding season—June and July, at least.

Habitat and distribution—.A. californicum is probably the most
common ascidian on the California coast. It oeeurs on rocks, usunally
on the under sides, at all points where eollecting has been done. and
is found everywhere on piles, floats, breakwaters, ete., except in the
upper portions of bays where the density and temperature of the
water are distinetly different from normal sea water. Dredgings do
not indicate that it flourishes in depths beyond a very few fathoms.
It also oecurs at Puget Sound ¢ Ritter, 1900). and. with some doubt.
on the Alaskan eoast as far to the north and west as the Shumagin
Islands (Ritter. 1901).

Typc locality—San Diego.

Although A. californicum possesses no strikingly distinetive ehar-
acteristics, is very variable and has a wide distribution, it eannot
be identified with any hitherto deseribed species. TIts closest relative
appears to be A. glabrum Verrill of the north Atlantie coast of North
Ameriea. The detailed examination of A. glabrum and also of the
allied speeies A. pellucidum by Van Name (1910) enables us to make
a pretty satisfactory eomparison of californicum with these species.

To the general form of the colony of californicum, the reverse of
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the statement made by Van Nawme for glabrwmn may be applied. Con-
cerning the Atlantic species he writes: ““The tendeney to irregular
and mdividual variation in the shape of the colony is considerabie,
but nearly all the shapes are readily recognized as modifications of the
capitate form above deseribed.”” For californicum we might transeribe

3

this sentence, but with the word “‘capitate’” changed to “‘encrusting.’’
Undoubtedly the typical colony of californicion is flat and cake-like,
but deviations from this in various directions are numerous.

As to the zooids, the following differences seem to be differential:
the average number of stigmata, twelve, in a half-series in californicum
is 50 much fewer than the number, eighteen, given for glabrum, as to
leave no doubt about the distinetness in this point. The number of
folds in the stomach wall is also undoubtedly sharply different in the
two speeies.  As our table 3 shows, the folds of the californicum
stomach vary widely in number, the lower limit being fourteen and the
upper lmit twenty-two; and a cursory inspection of the table veveals
that the prevalent number is much nearer the upper than the lower
limit. Concerning the folds of glabrum, Van Name says: ‘ The
stomach has as a rule a rather small nmmnber, 12 to 15, of deep longi-
tudinal folds; but in some colonies the number averages higher, about
18 or 20 or even more.”’  An exhaustive statistical comparison of the
two speeies would be interesting, but there is little question as to
what, in general, the resutt would be. Further. the sharp division of
the loop of the intestine into a portion of large and smaller diameter
found in californicwm must be wanting or nearly so in glabrum, judg-
ing from Van Name’s ficure. There are probably minor differences
in the lobings of the branchial and atrial orifices. but this point
requires further examination.

TABLE IIL

FoLps IN THE STOMACH WALL OF DIFFERENT Z00IDS OF THE SaME COLONY OF
Amaroucium californicum

Colony Folds
1. From San Diego jetty, 22-20-23-20-22-22-20-19-22-23-23-19
outer harbor. 20-21-19-21-22-23-20-22.
2. From San Diego piles,  21-19-20-21-19-19-20-21-20-21-20-21
inner harbor. 16-21-22-21 —22-22-21-16-20-16-19

20=211=01 b
3. Santa Monica, 20-19-1 21-19-19-19-21-20-19-20
1st colony. 22-19-18-19-21-22-20-19.
4. Santa Monica, 14-12-12-12-12-14-12-12-14-13-14-12
2d colony. 14-14-15-14-13-14-14-13.
5. Pillar Point. 16-15-15-15-14-14-14-15-15-15-15-14

15-15-16-14-14-14-14-15-14.
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The data contained in the above table are presented as a little
study on the problem of variation of organisms produced monogenet-

ically. The two facts revealed by them are sufficiently significant io
warrant their publication, indicating as they do the desirability of sub-
jecting the point to a special investigation. First there is a consider-
able range of variation among the zooids in a colony, the extremes
being 16 and 23 in eolony number 2. This result is not in harmony
with the widely lield notion that variation does not take place to any
extent among individuals produced asexually from the same parent.
The second notable fact is that some of the colonies, especially number
4, have a very distinet mode of their own, The question as to whether
we have here a case of what may be called somatic heredity obtrudes
itself and invites experimental study.

Amaroucium solidum, n. sp.
Pl 46, figs. 69 and 70

Superficial characteristics of the colony—Large, fleshy, potato-
shaped lobes; young colonies more globular; largest colony studied,
length 16 em., width 7 cm.. thickness 3.5 ¢m. Some living colonies
opalescent white, the zooids showing as opaque white objects; others
opalescent with a yellowish blue tinge, the zooids distinetly yellow.
Zooids very nnmerous, standing at various angles in colony.
seemmgly never present. Test gelatinous with many variously shaped
pigment grains; surface layer tougher than underying portion.

Zooids.—A little pressure on a living colony forees zooids ont upon
surface; easily removed from test in preserved specimens; varying
greatly in length, some very long, extending well back into central
gelatinous  core; average length in large ecolony. thorax 3 mm.,
abdomen 2 mm., postabdomen 8 mm. Mantle delicate and transparent,
containing about twenty-four longitudinal muscle bands on a side,
these separated by considerable spaces in the thorax hut eloser together
in the abdomen and postabdomen; a few transverse fibers in the
siphonal region.

Branchial system.—Branchial siphon with six blunt lobes grooved
so as to appear twelve when viewed from above: atrial siphon with
short, overhanging, triangular languet and five small, pointed lobes.
Branechial sac with from thirteen to fifteen series of stigmata. each
series having about fifteen stigmata on a side in middle of sae (pl. 46,
fig. 69). Endostyle wide and straight, with a narrow space on each
side free from stigmata. Branechial tentacles abont twenty, of varying
sizes.

Digestive system—Plane of intestinal loop. transverse: esophagns
almost as long as stomach ; stomach eylindrical, one and one-half times
longer than wide. having about eight folds, these sometimes discon-
tinuous (s., fiz. 69) : intestine divided into several parts (pl. 46, fig.
70) ; first, a piece a little shorter than stomach with a bulge abont mid-
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way of its length ; second, a larger seetion which makes the loop ; third,
a short, very narrow isthinus connecting the large piece just deseribed
with rectal Hmb, the beginning of which is provided with prominent
caeeca ; and finally, the vectal piece running up left side of body to end
as a eonstricted anus about one-third the distance up branchial sac.

Postabdomen and reproductive system.—The postabdomen variable
in length, often three or four times as long as thorax; about half the
diameter of thorax, tapering toward posterior end. The conspienous
cloison, or partition, halves the cavity of postabdomen from right to
left ; many round pigment granules occurring in walls of this partition.
Numerous regular testis lobes oceupy posterior half of postabdomen.
The ovary (o., pl. 46, fig. 69) just anterior to the latter, quite remote
from intestinal loop.

Brecding scason.—Summer months at least, the atrial chambers of
zooids examined at this time being filled with tadpoles.

Habitat and distribution—The only localities from which speci-
mens have heen certainly identified as belonging to A. solidum are
San Diego Bay and Santa Monica, where theyv were taken from piles
in both localities.  Almost certainly, however, the species oceurs in
Monterey Bay and other northerly points.

Type locality.—San Diego Bay.

The great variability in the colonies of A. californicwin makes the
speeies seem to include soliduin so far as external appearance is con-
cerned, and sinee the two overlap a good deal in distribution. 1f indeed
they are not coineident, the collector is likely to confuse thein at times.
In general, however, the much greater massiveness of solidum will
distinguish them even to cursory observation. But examination of the
zooids leaves no guestion about the specific distinetness of the two.
PPerhaps the most accessible point of distinetion between the zooids of
the two is in the secondary lobing of the lobes of the branchial siphon
of A. solidum and the teeth around the atrial ovifice in the same

species.

A. solidim has much in common with A. obeswm Sluit. (Sluiter,
1900) from the Chatham Islands. But the two are well distingnished,
seemingly, by a number of characteristics, notably the undivided
branchial lobes and the absence of denticles around the atrial orifice
in obesum. In fact, the two positive characteristics in solidum are
very exceptional in the genus Amaroucium.

Amaroucium aeguali-siphonis, n. sp.
PL 38, fig. 4; pl. 45, fig. 61
Superficial characteristics of the colony.—Consisting of long,
peduncnlated, ¢lub-shaped lobes, completely encrusted with sand. cach
growing from a basal network. Both head and peduncle of each lobe
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usually flattened throughout its entire length; heads not sharply set
off, but tapering gradually into pedunele which becomes gradually
smaller until attached end is reached. New lobes spring at times from
substratum and result in a dense growth of more or less parallel,
slender lobes (pl. 38, fig. 4). Sometimes many lobes arise from a com-
mon center, vesulting in a more or less spherical body whose surface
is made by the heads of the lobes. In this form of growth the heads
of the lobes have a broader anterior expanse than in the form first
deseribed ; the lobes themselves sometimes branched. Test gelatinous
and transparent, but having a dirty tinge dwe to innumerable small
test eells. No common cloacal orifices present. Length of longest
lobes about 2 em., width of heads about 7 mm., thickness 3 mm.

Zooids (pl. 45, fig. 61).—Not arranged in systems; both siphons
opening on surface of distal ends of lobes of colony ; long and slender,
the postabdomen extending through almost entire length of peduncle
to end in a slight swelling which contains heart; abdomen somewhat
longer than thorax. Mantle contains longitudinal musele bands whieh
run length of zooid and are separated by considerable spaces over
thorax and abdomen, but are eloser together in postabdomen.

Branchial system.—DBoth orifices distinetly 6-lobed.  Branchial
tentacles about twenty, alternmating long and short. Branchial sae
with eight series of stigmata, about fifteen stigmata in a half-series.
Dorsal languets about as long as stigmata (pl. 45, fig. 61).

Digestive system.—Intestmal loop somewhat longer than branchial
sac, its plane obligue to sagittal plane of zooid; esophagus about equal
in length to stomaeh, tapering to a small diameter at its entrance into
stomach; stomach somewhat longer than broad, wall longitudinally
folded, the folds, never more than six or seven, sometimes broken,
often one whole side practically foldless; portion of intestine bhetween
stomach and loop about twice as long as stomach, constricted about
midway in its course; a small, short tube intercalated into intestine
at beginning of rectal limb; lobed anus located a little anterior to
middle of branchial sac («., pl. 45, fig. 61).

Reproduetive system—Ovary posterior to intestinal loop. not in
contact with it; testis lobes numerous, beginning just posterior to
ovary and extending throngh entire postabdomen (o.. f., pl. 45. fig. 61).

Habitat and distribution—So far the species has been taken only
at Rineon Point, Santa Barbara, California. Tt belongs to the littoral
zone alone, so far as we know.

In spite of the violence done to the genus Amaeroucium hy foreing
this species into it. after much deliberation we have decided that for
the present, at least, to do so is justifiable. As will be seen from the
deseription and figures, the animal is a perfeetly typical member of
the genus in every respect excepet possibly the character of the eolony
and certainly the form of the atrial orifices of the zooids. The pedun-
culation and lobulation, and the sand-inerustation of the colony,
though not altogether typical are by no means unique, the type speeies
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proliferwm M. Edw. of dmaroucium being, as is well known, pedon-
culated. And numerous speeies are more or less sand covered.

The serions diffienlty is in the entire ahsence of an atrial languet
and the regular 6-lobing of the orifice. But although the possession
of a languet is rightly regarded by most anthors as one of the hest
generie characters of Amarowcium, a comprehensive rveview of the
genus reveals the fact that while in the great majority of the species
the languet is distinet and large, a fairly complete series from the
langueted orifice to the regularly lobed type like that in our animal,
exists.

A complanatum, Tlerdm.. and A. pallidim, [lerdm. are deseribed
by their author (llerdman, 1891) as having the atrial languet short
and inconspicuous. In . pribilorcnse Ritt. (Ritter, 1899), the
langnet is “*very variable in length, in some zooids the siphon depart-

ing but shightly from the normal 6-lobed condition.”  And finally in
A.anomalum Werdm., the atrial siphon s wholly absent, judging from
the author’s figure; the point is not mentioned in the text (Herdman,
1899, pl. Pelt TIT, fig. 14).

Nor could one expeet otherwise than that a range of variety like
this would oceur in a genus of many species when he considers the
abundant evidence that the atrial languet is, phylogenetically speak-
ing, a late differentiation from the normal, evenly bhordered siphon.
On the whole, therefore, we have thought it more warrantable to place
the species in this genus than to adopt the next hest alternative—

that of establishing a new genus—a course which may he necessary at
some future time when a study shall have been made of the kindred
animals from the whole California coast. We have observed several
other elosely similar ascidians from points north of Point Conception,
and an exhaunstive study of all these may necessitate a change in the
present disposition of the species now under consideration.

In concluding, for the present, these remarks on the taxonomy of
this species, we woukd point out that were the genus Sigillina to stand
substantially as deseribed hy Savigny, these California species would
probably accommodate themselves more easily to it than to any other
of the numerous small off-side genera of the family Synoicidae
(Polyelinidae). If, however, Sagdlina really Dbelongs to the Poly-
citoridae (Distomidae) as is now held to be the case, there would be
no possibility of placing our species in this genus, for its polyelinid
characteristics are unequivoeal.
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Euherdmania claviformis (Ritt.)

Herdmania claviformis, Ritter, 1903, p. 237.
Euherdmania claviformis, Ritter, 1604, p. 650.
Euherdmania claviformis, Hartmeyer, 1909, p. 1470.

This is one of the abundant ascidians on the southern as well as
on the central and northern (‘alifornia coast. In the vieinity of La
Jolla, for example, it is found in great abundance on the under side of
rocks at low tide. Apparently it is confined to the littoral zone.

On the whole the zooids are somewhat smaller in southern than in
northern colonies.



1917] Ritter-Forsyth: Ascidians of Southern California 491

BIBLIOGRAPIIY

BaNcrOFT, F. W,
1898, The anatomy of Chelyosoma productum Stimpson. Proe. Calif. Aead,
Sei., ser. 3, 1, no. N,
1899. Ovogenesis in Distaplia occidentalis Ritter (MS.) with remarks on
other species, Bull. Mus. Comp. Zool. Harvard Univ., 35, no. 4,
59-108.
CAULLERY, MAURICE.
1894. Sur le bonrgeonment des diplosomidae et des didemunidae. C.-R.
Acad. Sei., 119, 437-439.
1895. Sur l'interprétation morphologique de la larvae double dans les
ascidies composés du genre Diplosoma. C.-R. Acad. Sci., 121, 776-
780. o
1908.  Recherches sur les synaseidies du genre Colella et considérations sur
la famille des distomidae. Bull. Sci. France et Belgique, ser. 6,
12, ,
Darr, W. II.
1871, Descriptiou of sixty new forms of mollusks from the west coast of
North America and the north Pacific Ocean, with notes on others
already deseribed. Amer. Jour. Conchol,, 7, 93.
DAUMEZON, (GEORGES.
1909.  Contributions a 1'étude des synascidies du golfe de Marseille. Bull.
Sei. Franee et Belgique, 42, 269-432.
VoN DrASCHE, R.
1883. Die Synascidien der Buch von Rovingo. Wien, 1883,
FewkeEs, J. W.
1889, New invertebrata from the coast of California. DBull. Essex Tust.,
21, 99.
HARTMEYER, R.
1903. Die Ascidien der Arktis. Fauna Arctica, 3, Lief. 2.
1909. Tunicata (Manteltiere). Braun’s Klassen und Ordnungeu, 3, Sup-
plement, Lief. S6 n. S7.
HerpMAN, W. A,
1886. Report on the Tunicata, Challenger Expedition, 6, part 2, Ascidie
Comyposita.
1891. Revised classifieation of the Tunicata, ete. Jour. Linu. See., Zool,
23, 558.
1899. Deseriptive catalogue of the Tunicata in the Australian Museum,
Sydney, N. S. W. Australian Museum, Sydney, Catalogue no. 17,
1-139,
HunTsyan, A, G.
1911. Ascidians from the coast of Canada. Trans. Canad. Inst., 1911, 111,
1913. The Classification of the Styelidae. Zool. Anz., 41, 482,
MicHAELSEN, W.
1904, Revision der compositen Styeliden oder Polyzoinen. Mitteil. natur-
hist. Mus. Hamburg, 21, 1-124.
Przox, A.
1905. L ‘évolution des diplosomes (aseidies composées). Arch, Zool. expér.,
4, 168,



192 University of California Publications in Zoology — [Vor. 16

RITTER, WM. E.
18303. Tunicata of the Pacific coast of North America: 1. Perophora an-
nectens n. sp. Proe. Calif. Acad. Sei., ser. 2, 4, 37.
1896. Budding in compound ascidians, based on studies on Goodsiria and
Perophkora. Jour. Morph., 12, No. 1, 149-238,
1900. Some ascidians from Puget Sound collections of 1896. Ann N. Y.
Acad. Sei. 12, 589,
1401. Papers from the Harriman Alaska Expedition. XX, The Ascidians.
Proe. Wash. Acad. Rei,, 3, 225.
1903. The strocture and affinities of Herdmania claviformis, the type of a
new genus and family of ascidians from the coast of California.
Mark Memorial Volume, 12, 237-261.
1904, Euherdmania vs. Herdmania preoccupied. Zool. Anz., 27, 650.
1807. The ascidians collected by the United States Fisheries steamer
Albatross on the coast of California during the summier of 1904,
Univ, Calif. Publ. Zool,, 4, no. 1, 1-32.
RovLE, Louls.
1884, Recherches sur les ascidies simples des cotes de Provence (Phal-
lnsiadées). Ann. mus. d’hist. nat. de Marseille. Zool. 2, mémoire
no. I.
SALENSKY. W.
1895. Beitrige zur Entwicklungsgeschichte der Synascidien: 1. Ueber die
Entwicklung von Diplosoma listeri. Mitteil. Zool. Sta. Neapel, 11,
368,
SAVIGNY, J. 8.
1816. Mémoir sur les animaux sans vertébres, 2me. partie.
SLUITER, C. P.
1900. Tunicaten aus dem Stillen Ocean. Zool. Jahrb., Abt. Systematik, 13,
Heft 1, 1.
STIMPSON, WM.
1864, Deseriptions of new marine invertebrata from Punget Sound, collected
by the naturalists of the Northwest Boundary Commission, A. H.
Campbell, Commissioner.
VAN NAME, W, G.
1902. The ascidians of the Bermuda Islands. Trans. Conn. Acad. Arts Sci.,
11, 325-411.
1910. Compound ascidians of the coasts of New England and neighboring
British provinces. Proe. Boston Soe. Nat. Hist.,, 34, no. 11, 339-
424,
1912. Simple ascidians of the coasts of New England and neighboring
British provineces. Ibid., 34, no. 13, 439-619.
VERRIL, A. E.
187F. Deseriptions of new and imperfectly known ascidians from New
England. Amer. Jour. Sei. Arts, 1, 288,







EXPLANATION OF PLATES

PLATE 38

Fig. 1. Styela montereyensis. Whole animal. Natural size.

Fig. 2. Styela barnkarti. Whole animal, a little larger than natural size.

Fig. 3. Colonies of Macroclinum par-fustis, joined by basal stolons of test.
Natural size. 5

Fig. 4. Colonies of Amaroucium aequali-siphonis joined by basal stolons of
test. About twice natural size.

Fig. 5. Molgula verrucifera. Three animals. X 2.

Fig. 6. Ascidia californica. Whole animal. Natural size.

Fig. 7. Polyzoa translucida. Zooids joined by basal stolonic network and
growing among the branches of a young hydroid. Natural size.

Fig. 8. Metandrocarpa michaelseni,  Zooids conneeted by trails of test.
Natural size.
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PLATE 39

Fig. 9. Colony of Macroclinum pellucidum with zooids seen through trans-
parent test. X 6.
Fig. 10.

Small portion of a colony of Botryllus tuberatus showing a single
system of zooids, two tnberlike masses of ectodermal ampullae, c.a., and ecto-
dermal vessels. X 8.

Fig. 11. Colony of Didemnum earnulentum. X 2

Fig. 12. A single system of Botryllus tuberatus, showing character of the

common cloacal orifice. The lower lip of atrial siphon extends beyond edge of
common orifice. X 8.

Fig. 13. Colony of Glossophorum planwm. Natural size.

Fig. 14, Three zooids of Metandrocarpa michaelseni showing trails of test
and ectodermal processes.
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PLATE 40

Fig. 15-20, Molgula verrucifera.
Fig. 15. Animal viewed from left side, test removed. X445,
Fig. 16. Portion of branchial sac showing three folds.
Fig. 17. Tip of atrial siphon showing processes.
Tig. 18. Tip of branehial siphon showing processes.
Fig. 19. Branchial tentacles.
Fig. 20. Hypophysis and ganglion.
Fig. 21 Diplosoma caulleryi. Zooid viewed from right side.

Fig. 22. Bofryllus tuberatus. Zooid enlarged, view from left side especi-
ally to show the snout-like atrial siphon, a.s.

Fig. 23. Didemnum carnulentum, var. lacteolum. Zooid much enlarged, viewed
from left side.
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PLATE 41
Figs. 24-27, Adscidia californica.

Fig. 24. Animal viewed from left side, test removed. Natural size.

Fig. 25. A portion of tentacular circlet and hypophyseal region seen from
within,

Fig. 26. Stomach and intestine viewed from right side to show ramifications
of ovary and testis.

Fig. 27. Two lobes of atrial siphon showing the bLordering teeth aund pig-
nient spots.

Figs. 28-34, Stycla montereyensis.

Fig. 28. Animal, with test removed, viewed from the right side, showing
position of the reproductive organs. Natural size.

Fig. 20. Same viewed from left side.

Fig. 30. A portion of the tentacular eirelet and hypophyseal region seen
from within.

Fig. 31.  Anterior portion of ovary, viewed from the inner surface.

Fig. 32. Atrial siphon cut so as to expose part of velum with atrial branches.

Fig. 33. Spinule

Fig. 34. Spinule.

Fig. 35. Styela yakutaten

Spinule.
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PLATE 42
Figs. 36-38, Polyzoa translucida. Animal much enlarged

Fig. 36. Viewed from left side with test removed.
g. 37. Same viewed from right side.

Fig. 38. 1lermaphroditic gonads.

Figs. 39 and 40, Styela barnharti.

Fig. 39. Animal with test removed, viewed from the right side and with
muscle bands of mantle indicated only in siphonal regions. Natural size.

Fig. 40, Same viewed from left side, with muscle bands of mantle indicated
only in siphonal regions. Natural size.

Figs. 41-45, Metandrocarpa michaelsend.

Fig. 41. Animal much enlarged, viewed from left (lower) side, test removed.

Fig. 42. Same viewed from right (upper) side.

Fig. 43. Branchial tentacles, hypophysis, ganglion and gland viewed from
inside.

Fig. 44, Atrial tentacles.

Fig. 45. Testis masses attached to mantle.
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